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PREFACE. 



It ifi with considerable diflSdence that the Author brings 
this text-book before the chemical public. The system of 
chemical notation introduced by Dr. Frankland into the 
lecture teaching, based upon the doctrine of atomicity, and 
embodied in his lucid " Lecture Notes," published four years 
ago, necessitated a corresponding change in the laboratory 
teaching. The experience gained by me during several 
years' teaching on this system, under comparative difficulties, 
owing to the want of a suitable Laboratory Text-book, has 
convinced me that this method of classification of elements 
according to their atom-fixing power, is capable of simplifying 
the study of chemistry generally, and in a marked degree 
also of chemical analysis. A knowledge of quaHtative and 
quantitative analysis is best acquired by working practi- 
cally in a laboratory. Most students can, however, devote 
only a limited amoimt of time to laboratory work ; and it 
has, therefore, been the Author's endeavour to enter only 
so far into theoretical considerations as was absolutely 
necessary to explain the laws which govern chemical 
changes, and to make the beginner practically famihar with 
e pr operties of elementary matter, and the most important 
^xd of combination met with in a limited course of 
practical instruction. 

This has been kept strictly in view in arranging the 
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first Part of the book. Some of the elementary exercises 
described therein are based upon K. Arendt's " Lehrbuch der 
anorganischen Chemie ;" a few are borrowed from Dr. Hof- 
mann's admirable " Introduction to Modem Chemistry." 

Dming an extended period of laboratory teaching, I have 
acquired a knowledge of the difficulties usually encountered 
by students during their early laboratoiy practice ; and 1 
have endeavoured to anticipate, as far as possible, the 
references usually made to the teacher by students, by 
supplying infonnation on points which may appear trifling, 
but which constitute formidable obstacles in the way of the 
beginner, to be cleared away only at the expense of much 
valuable time. 

Teaching in a laboratory must be controlled by a daily 
examination and verification of the progress made by each 
student. This can obviously only be done in the case of 
a large practical class by expending much labour and time 
upon this all-important part of the laboratory work. The 
same question has frequently to be addressed to different 
students, whilst many of the latter may have to refer to 
the teacher on one and the same knotty point contained in 
the Text-book. This is an experience which other chemical 
instructors doubtless share with me. In order, therefore, to 
save time, and with a view of assisting the student, I have 
placed a number of questions at the end of each division of 
the book mostly based upon the text itself, and embodying 
some difficult point or other. This mode of reviewing the 
work done in the laboratory will, I trust, recommend itself 
on the important groimd also of teaching a student how to 
prepare for examinations. 

In the portion relating to qualitative analysis, it has 
been my chief aim to be as concise as possible, and to teach 
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the student to generalize, and to systematize. I have 
frequently been told by students, with a mien of despair, 
" I shall never remember all these reactions ! " Exercises 
such as the one sketched out on page 178, or the brief 
sketches of the different methods for the separation of the 
metals of the different groups, likewise the summaries 
of the solubility of salts under the different acids, and 
the table of solubility of salts given in the Appendix, will 
materially assist the student to remember the different and 
numerous reactions. 

Again, in elaborating the systematic com'se of analysis 
(based mainly upon the treatises of Professors Will and 
Fresenius, as well as upon the " Handwoerterbuch der 
Chemie "), I have avoided all unnecessary innovations, and 
have employed only methods which have stood the test 
of long experience. . This applies more especially to the 
directions laid down in the form of analytical tables for 
the examination of simple and complex substances. The 
directions given are as concise as possible, omitting every- 
thing which has no direct bearing upon the course of 
analysis, whilst at the same time mostly only quantitative 
methods have been selected. 

It has been a source of great satisfaction to me, that 
Dr. Frankland encouraged me to write this work, and has 
given me in various ways much valuable assistance, for 
which I beg to tender him my best thanks. 

I have to thank most cordially my friends, Dr. Lacker- 
steen and Th. D. Hall, M.A., for the help cheerftilly rendered 
to me in revising proofnsheets, and Mr. W. D. Herman, 
at present studying in this College, for the assistance 
which he gave me in compiling as complete an Index as 
possible. 

h 2 
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My thanks are also due to Professor Bloxam for the 
loan of some of the wood-cuts used in his Treatise on 
'* Inorganic and Organic Chemistry." 

BoYAL College op Chemistby, 
Lond<m, November 21, 1870. 
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PART I. 



100 ELEMENTARY EXERCISES, 



INTBODUCTOEY TO 



GENEEAL CHEMISTEY, 



AND TO 



QUALITATIVE CHEMICAL ANALYSIS. 



HYDBOGEN. 



_ —Fill a g1ai> ajlinder or tert-tiib« with ««tor, and b 
yr & buin oonttuning water, b; &rat cloaing iU month irith ■ glan p 
(Fig. 1). Wrap up a small 
pieoe of the metal aodiuni in 
> little flue irire gauie, fu- 
tened to a piece of wire. In- 
troduce the sodiiun rapidl7 
Dndemeath the mouth of the 
cjlmdef(Fig. 2). Gw bub- 
bles are oboerred to ascend 
through the water and to 
collect in the i^per part of 
the cjlinder. The erolution 
of gas oeues after a few 
momenle, and the eodium ii 
found to have disappeared 
entirely. Sj repeating this 

X ration if neceHar;, the 
lie of the water in the 
cjlinder maj be repluwd bj 
a colourless gas. This gas 
it ht/drogeit. 

Some other metals, 
e.g., m^noainm, Trhen 
introdaced into water, 
likewise give rise to an 
evolution of hydrogen, 
but the action is mach 
Blower, and has to be 
assisted by employing 
hot instead of cold 

The metals, iron. 
Bine, tin, when placed 
in water give ofi* no 
gas. If, however, a little 
hydrochloric acid be 
added to the water, a 
brisk evolution of hydrogen 
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Other metals again, snch as copper, mercory, gold, and platmnm, 
even when placed in acidulated water, do not evolve any hydrogen. 

Experiment 2. — Larger quantities of hydrogen are most conveniently pre- 
pared by acting upon zinc or iron with dilute hydrochloric acid. An apparatus, 
represented in Fig. 3, consisting of a two-necked bottle— so-called Woulfe's 
bottle-^is employed, fitted up by means of perforated corks with a funnel and 
deUvery-tube. The funnel-tube, 6, reaches nearly to the bottom of the Woulfe's 
bottle, A, and serves for the introduction of the acid. The delivery-tube, C, which 
has been bent as seen in Fig. 3, in the gas-flame of an ordinary fish-tail or bat's- 
wing gas-burner, is fitted into the other hole, so as just to pass through the cork. 
Sound and well-fitting corks should be selected for such experiments, and they 
ought to be well squeezed before being bored. The glass funnel and delivery- 
tube should readily pass through the holes and yet fit perfectly air tight. It is 
best, therefore, to bore the holes by means of a sharp cork-borer of toe size of 
the glass tubing to be employed. 

The dehvery-tube dips 
under the water and delivers 
the gas into the cylinder in- 
verted over water in a basin 
or pneumatic trough. 

G-ranulated zinc* (or strips 
of sheet zinc) is introduced 
into the bottle, and the cork 
and delivery-tube adjusted 
properly. Moderately con- 
centrated hydrochloric acid 
is then poured through the 
fiumel-tube, when the evolu- 
tion of hydrogen begins at 
once. The gas finding no 
other outlet passes through 
the deUvery-tube and forces 
its way through the water. 
The air contained in the 
Woulfe's bottle must first be 
displaced before any of the 
ffas is collected. In ord^r to ascertain whether the air has been suflSciently 
oisplaced, some of the gas is collected over water in a test-tube in the manner 
already described. When quite full, the tube is withdrawn by closing the mouth 
with the thumb, or with a small watch glass or glass plate. If the enclosed 
sas bums quietly, on applying a hght to it, whilst the mouth of the tube is held 
downwards, with a blue lambent flame, it may be considered safe to collect the 
gas ; but should the gas in the tube bum with a slight explosion on applying 
a Ught to it, it may be taken as an indication that the air has not been sufficiently 
displaced from the generating apparatus. 

For storing np larger qnantities of hydrogen, a gasholder, repre- 
sented in Fig. 4, is usually employed, consisting of a cylindrical vessel 
A, made of zinc or copper, connected by means of two tubes, a and 6, 
with the open vessel B, and supported by one or two more tubular stays, 
c and c', as shown in Fig. 4 ; a and h can be shut off by means of 
stopcocks. A glass gauge, as seen in g g\ indicates the height of the 
column of water in A. By closing the opening, d, fitted with a 
screw-plug, and turning on the taps at a and 6, as well as the de- 

• Hydrogen venerated from ordinary zinc is generally contaminated with a 
small quantity of a most disagreeably smelling gas, whilst pure hydrogen is 
inodorous. 
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livery-tap at f., water which is poured into the vessel B makes its 
way into the vessel A, tUl it fills it entirely, and nms over throngh 
e. The tape at a, b, and c 
are then closed and the gas- 
holder may be chai^^ with 
gas by insertiiie the delivery- 
tube through tiie opening at 
d, after the roiaoval of the 
Hcrew-pliig. The water runs 
OQt from d as fast as the 
gas enters. When inll, the 
screw-plug is replaced, and 
the apparatus is ready for 




By keeping the tcp ves- 
sel, B, always well sapplied 
with water, the gas can be 
discharged at pleasure from 
A by taming on the tap a, 
which conveys the water 
down to the bottom of A, 
and opening the tap e partly 
or fnlly, as may be required. 
The water which flows from. 
B to A presses npon the gaa, 

and forces it from e. The top vessel, B, may also serve the par- 
poses of a pneumatic trongh, and gae may be filled directly from tbe 
gas-holder into an inverted cylinder by opening the tap b, and allow* 
ing the gas to escape throngh the water into the inverted cylinder. 

Now, vrhat are the properties of the gas which has been collected ? 

Bxpetiment S. — The hydrogen gu ooUected in a test-tube, or gkai 
Oflinder, u deaoribed in Eiperiment« 1 Bnd 2, can be readilj lemored from the 
buin (Pie. 6), or pneumstic trougb, by doling Uie opening of the cylinder with 
the tbninb or m glau plate. 




4 PROPERTIES OF HYDROGEN. 

On ftpplTing a lighted candle to the month of the C7liiider, Fig. 6, the gu 
hums quietlj with & lambent, non-luminooB flame. It ii an iuflamniable Kaa. 
On intSMdudng a mx taper, u shown in Fig. 7, into the cylinder, the gaa 





bumi at the mouth quietlj with a bluiih flame, giring rerj little light, whilat 
the taper, on being moTed upward through the flame into the hydrogen, aa shown 
in Fig. 8, ia immediatelj eitmguishBd ; on withdnwing the (sper again, it ignitet 
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mee more when it reaohea the burning gaa at the month of the cjlinder. The 
taper maj be thm eitinguiihed and rekindled wraral times in sncceHion. 

This proves that hydrogen cannot support comiustion; also, that it 
burnt, bat only where it is tn contact wUh the air (at the month of 
the cylinder). 

Ez^rlHcnt 4. — A strong soda-water bottle, Slled to abont nne-third ita 
bulk with water, is inverted oier the gas delivery tube, Fig. 3, until all the w ' ~ 



a loud report. 
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This proves that a mixture of hydrogen gas and air explodes mth 
violence. 

Bxperiment B« — ^A teeffc-tube or cjlinder full of air is beld, mouth down- 
wards, and some hydrogen is allowed to pass into it from another tube, somewhat 
inclined, as shown in Fig. 9. On applying a light to its mouth, an exjdosion 
takes place, showing that this cylinder, which originally contained only air, con- 
tains now a mixture of hydrogen and air — a mixture which is highly explosiye, as 
proved by Experiment 4. 

This shows that the gas ascended from the lower into the upper 
cylinder, and that it mnst therefore have been lighter tha/n air. Accu- 
rate determinations have established the fact, that the gas is about 14 
times lighter than air, its specific gravity being '0693, as compared 
with air = 1. 

Experiment .6. — The delivery tube of the gas-generating apparatus is con- 
nected with a drying tube (containing calcic chloride, a substance which 
possesses a strong affinity for water), and a glass tube drawn out to a point 
(Fie. 10). After allowing the hydrogen to escape for some time, the jet may 
be lighted without any 
danger of an explosion. 
The gas bums with a pale 
blue flame, which, how- 
ever, is exceedingly hot. 
Invert a dry bell-jar oTer 
the flame. It soon be- 
comes covered with mois- 
ture on its inner surface, 
and drops of condensed 
water collect and run 
down. The same may 
be shown by holding a yiq. 10. 

wide glass tube, about 

half an inch in diameter, over the jet. A musical note, high or low, aocorcBng 
as the tube is wide or narrow, will be heard, arising from a series of small explo- 
sions, which follow one another in more or less rapid succession, as the tube is 
raised or lowered over the gas flame. The upper part of the tube contains the 
condensed water. 

This proves that water is formed by the combustion of hyd/rogen in 
air. Hence the name hydrogen given to the gas (jfrom vSaip, water, 
and f^evvdu, I generate), represented shortly by the symbol H. 

Smnnimry. — Hydrogen^ is a very light gas. When jpure it is 
colourless^ tasteless, and inodorous. 

It is vnfiammable, evolving rrmch heat, but giving little light; it 
does not supp(yrt combustion. Water is formed by its combustion in air. 
Although it has no 'poiscmous properties, it carmot support life. 
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■xpcrlMent 1- — Heat a Uttle mercurj neoiij to boiling id b nnaU flwk 
(Fig. 11) pTOTided with A long ^au tube, and 
Bbal« frequentlj. The brishl metal geta 
slowly coat«d over with a rsddiiih-Tellow fflm, 
which, on shaking, adheres to the aides of 
the dssk, and, after healing for some homs, a 
portion of the metal w oonTerted into a red 

Kwder. ( rhe rapour of the metal mermuy 
ing poisonous, aiiB must he taken not to 
allow any to escape into the mom through the 
open oondensing tube.) 

On weighmg the flask and metal 
before and after the conversion of some 
of the latter into the red powder, an 
increase in weight is observed. A pon- 
derable sabstance must have been 
added during the heating, which can 
only have come &om the air. 

Experiment 8. — Introduce a weighed 
quantity of the red powder so obtained into a 
tube, A, of bard German glass (Fig. 12), and 
connect by means of a cork with a deliTery 
tube, whidi dips under water in a pneuir*'*-' 
trough, E. On applying a strong heat ti 
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tube in A. by means of a Bunsen's gas burner, B, the air etpand*, and u forced 
out through the deliierj tube. After a little time a metallic coating is obserred 
to form in the bend, C, and gas bubbles begin to come oiT more briskly. Teat 
the gas which bubbles up through the water in the pneumatic trough by bringing 
a glowing chip of wood near it. If the latter bursts into flame, this is due to 
the gas which comes off from the red powder, as air would not inflame 
it. A glass cjhnder, D, full of water is then inverted orer the mouth of the 
delivery- tube, and some of the gas collected. The cylinder becomes gradually 
filled with a colourless inri»ihlc gag. The metallic mirror in the bend of the tube 
jncJcases, and collects in heavy drops. This liquid metal is mercury. When the 
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whole of the red powder has been ToUtilued, and conrGrted b; beat into a 
and a liquid metal, th< ' ^ ' . ', • -■ • - .... . - 

water. The condensed mercury may now be weighed 



the lamp u remoTed, and the delifery-tube taken out of the 

used mercury may now be weighed in a little coimterpoiBed 

porcelain dish. It weighs less than the red powder employed. Something, then, 

*^--* -" ■• • '- ■■ •leotejin-' '^ ' - 



has been remored hant the Utter, tu., the gas collected in the cylinder. 
If the experiment be coi)dnot«d with proper care, and ii 






fectly Buitahle apparatoB, it will be fonnd that 100 parts hy weight 
of the red powder leave invariablv 92-59 of metallic mercury, or in 
the proportion of 216 : 200, and conaeqaentlj yield 16 parts by 
weight of oxygen gas &om every 216 parts of the red powder. 
The latt«r is a componnd of mercoiy and o^gen, and ia called 
mercnric oxide. 

What is this gas, and what are iU properties ? 

By dosing the cyUnder with a small ^ass plate, the gas can be remoied with- 
out lose, and on introducing a glowing taper or ignited chip of wood into it, the 
taper or wood bursts into ume (Fig. 13), and bums lery brilliantly. 

This gas, therefore, ewpporis combws- 
turn mnoh m.ore readily than the air 
from which it was originally derived 
(comp. Exp. 7). It is called oxygen 
from ofil", BOOT, acid, and ftyyau, to 
generate (becaose chemists thongbt, 
at one time, that oxygen entered into 
the composition of every acid) , and the 
symbol has been assigned to it. 

The metal mercnry, symbol Hg, 
from hydrargyrum,, by combining with 
the gas oxygen forms an oxide, mer> 
cnric oxide (red precipitate), and the 
symbol HgO, is used to express its 
oomposition. 

Experiment B. — Introduce a small 
piece of phosphorus, dried between filter 
paper, into a porcelain crucible, which floats 
on water, as seen in Fig. li. Set fire lo the 

Ehoephorus, and rapidly invert an empty 
ell-Jar oier the bunuDE phosphorus, so uat 
the combustion can only lake place at the 
expense of the air confined oter water under 
the bell-jar. The latter becomes filled with 
dense white fumee, which gradually sink 
down, and are absorbed by the water. A 
diminution of about one-fifth in the lolnme 
of the tit takes place, and in proportion as - 
the air disappears, the wal«r rises in the bell- 
Jar. As soon as the combustion has ceased, 1 
the cmcible mtij be remored from beneath 

the glass vessel. By slipping a ^ass plate over the mouth of the jar, it can 
be readily remored, and ite contents examined. This is done by introducing 
a lighted taper into the colourless gas left in the bell-jar. The burning taper is 
inunediately extinguished. 

The gas, therefore, no longer supports combustion. Iti» no longer 
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air. The phosphoms possessed a strong affinity for that constitaent 
of the jBir, which is aJone capable of supporting combustion, viz., 
the oxygen, an affinity which is greater than that which the metal 
mercury exhibited in the preceding experiment. The air must, 
therefore, be a mixture* of a gas which supports combustion, viz., 
oxygen and another gas which does not sustain combustion. This 
latter has been called nitrogen^ i.e., generator of nitre, also azote 
(from a privative, and J'wTt/ro9, belonging to life). 

Air, according to this approximate determination, consists of 
about one volume of oxygen and four volumes of nitrogen. Exact 
experiments have shown that air contains : — 

By volume. By weight. 

Oxygen 20*9 232 

Nitrogen 791 768 

100-0 1000 

These proportions of oxygen and nitrogen in air have, moreover, 
been found to vary but little all over our globe. 

The specific gravity of oxygen and nitrogen is readily deduced 

from these numbers, viz., —— - = 1*1, and =7—- = '97. 

' 20-9 791 

Air contains, besides these two constituents, a small proportion of 
a gas called carbonic anhydride,t and more or less vapour of water. 

The porcelain crucible generally contains some remnants of un- 
bumt phosphorus, which should be kept covered with water, as the 
affinity which phosphorus possesses for oxygen is so great that it 
cannot be kept in air, and great care ought to be taken to prevent 
spontaneous inflammation, whilst operating with it. Phosphorus 
should, therefore, not be touched with the fingers, but should be 
taken out of the water with a pointed knife, or a pair of crucible- 
tongs, and cut into small pieces of the size of a pea under water. 

The white fumes, or the product of the combustion of phosphorus 
in air, called phosphoric a/nhydride, will be explained more fully 
hereafter. 

Experiment !•. — Expose a few thin stripe of brisht metallic sodium to 
the air in a flat porcelain dish. The metal tarnishes rapioly, and becomes coated 
with a dirty white lajer of oxide, by abstracting oxygen from the atmosphere. The 
metal sodium oxidizes, in fact, slowly in air. The crust of oxide attracts moisture 
from the air, and speedily deliquesces. Thick pieces of metal on becoming coated 
oyer with oxide thereby become protected m>m the fHirther action of dry air. 
On removing the layers of oxide and dissolving them in a little distilled water, 
a clear liquid is obtained, which feels greasy to the touch, tastes yery caustic, 
and turns red litmus paper blue,X i.e.^ it has an alkaline reaction. 

* When a mixture of nitrogen and oxygen, in the proportions in which they 
are present in air, is made, no chemical combination takes place between the 
two gases. The mixture has all the properties of atmospheric air. 

f This term ia applied to oxides which form acids by combining with water, 
or salts, when added to a base. It will be explained more fully in Chapter XI. 

X Litmus, a vegetable colouring matter found in many lichens, is employed 
for preparing test-papers. The blue colouring matter is easily extracted by water 
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The ponder ia in feet an oxide of Bodium, or loda, e^bo ct^ed 
eaitsUc soda, ajtd sodic kydraie. The Bymbol for sodium is Na ; &om 
Natrium, the name ^ven to the metal by Oerman chemlste. 

Instt^ of the laetel ^odiom we might have employed the metal 
potaasiom with similar resulte. An oxide of potassinm, or potassa 
(potaesic hydrate), wonld have been left in the dish. The symbol 
for potassiom is K (from Kaiium.). 

On account of the great attraction which these metals possess 
for oxygen, they have to be carefdlly kept in a. liquid which does not 
contain oxy^n, viz., petroleum. Sodium being so much cheaper and 
less oxidizable than potassium, is now almost invariably naed, since it 
exhibits similar properties, only in a less marked degree. Sodium 
may be cut with a knife, and can be handled with dry fingers, with- 
out danger of its bursting into flame from too rapid oxidation. The 
oxides of both metals attract moisture from the air most eagerly, and 
are gradually converted into thick oily liquids containing sodic and 
potassic hydrates. 

Ssperlinent II. — We are acquainted vrith otlieF metola which are acted 
upon b J sticoBphflric air. A piece of uutgueBium wire or foil c&n be kept in the 
UT without undergoing much change. It taroisbeB onl; slightly. 

Hold the laetal, howCFCF, for a. moment in a flame, and it bums moat bril- 
liantl;, i.e., it deprives the air of one of its congtituenta — Oijgen, frith which it 
fomu an oiida of magneBJum or magneeia. Symbol MgO. The symbol adopted 
tor magnesium being Mg. 

The wire continues to burn niter ita removal &om the flame. 

Magnesia ia a white earthy- looking powder, which ia but little 
soluble in water, has only a feebly alkaline reaction on red litmus- 
paper, and little attraction for water. This eiperiment proves that 
the metal magnesium has at the ordinary temperature much less 
affinity for oxygen than either sodium or potassium. 

Metals which volatilize at a high temperature bum vividly, and 
with a flame, i.e., m the finely divided con- 
dition of vapour they combine readily with 
the oxygen of the air. 

ExverlBient II.— Heat melallio zinc in a porce- 
lain crucible over a gas flame (Fig, 16). It melte and 
becomes coaled OTsr with an iridescent filin of oxide. 
On raising the temperature the metal Tolatiliies, and its 
fiunea hunt into a daiding bluish-white flame, giving 
rise to while smoke of lincio oxide. Thin sheet-zinc 
bums in a Bunsen flame as fast as it melts. The oiide 
may be collected. It is eot Mluble in water, and ehowB 
no action upon litmns-paper. 

The symbol for zinc is Zn, and for zincic 
oxide, ZnO, 

BxperlMenc IS. — A piece of thin steel wire, when ^,g ,. _ 
kept in dry air, remains bright and unchanged. On * itse w in. 

fiy.m the LtmuB sold in commerce— six parte of water to one part of litmns or 

very dilute solution of ammonia. Sheets of unsized paper are dipped into the 
filtered solution and dried. To produce red htmus-paper, the aqueous solution 
of the colouring matter is first turned red bj the adcUtion of a few drops of very 
dilute sulphuric acid. 
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ruling tlie tfimperature of the wire to intense white hea,t, hj holding it in 
the flame of a gae-burner, it begim to bum, and to cast oS* brilliant aparka, 
i.e., the metal iron (steal ie almoat pure iron) combines with the oijgen of the 
air a< o white heat, and forms with it an iron oxide resembling the black iron 
•cales l^at full from a smith's anvil when a hot piece of iron is hammered out. 
On remoTing the steel wire &om the gas flame, howerer, the combustion ocasea 
immediately. 

The symbol for this iron oxide is FejO*, the symbol for iron bein^ 
Fe, from. Ferrum. This oxide is not soluble in water, shows no 
allcaline reaction (in fact no reaction at all) with red litmns-paper, 
and is only slowly affected by water in, Ike presence of air and carbonio 
acid being converted intci iron met. 

These experiments prove, then, that the metal iron has lees affi- 
nity for atmospheric oxygen than either sodium, tna^esinm, or zino. 
Experlnent 14. — Heat a piece of lead in an iron apoon orer a gas-burner ; 
Uie metal melts, the surface of the mollen metal is at first bright, then benmie* 
covered with a jellowish film. 

The oxygen of the air by combining with the lead, forms lead 
oxide, or pHunbic oxide (from Plumbttm lead, symbol Pb), th« 
symbol of which is PbO. It is inaolable in water, and has no action 
on litmns-paper. 



Cupnm, Bjmbol Co), which peels off readilj (copper scales), and is obtained aa a 
black powder, insoluble in water, baring no action upon htmus.papers. 

The action of atmospheric air upon the metal copper may be 
illustrated farther by a simple experiment, showing conclnsively that 
only one constitnent of the air, viz., it§ oxygen, is capable of combin- 
ing with the copper to form the black oxide of that metal. 

ExpcrlHMt !•■ — Fill a glaea combustion tube, e/, with bright ca, 
ings, and heat the tube in a BDiaU charcoal (or, if procuraUe, gas) furnace (Fig. 16). 




Pass a current of air irom the gasholder, A. The ur is made to pass through 

two U-tubes, T and T', before it enters the combuation-tube at e. The &n( 
U-tube contains small pieces of pumice-stone moistened with a solution of caustic 
potash, which absorbs the traces of carbonic anhydride contained in the air. 
The second U-tube contains pumioe-itone saturated with concentrated sulphuric 
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add,* which possesBes a powerful attraction for water, and retains everj trace of 
moisture which the air carries along with it. Connect a delivery-tube with the 
end,/, of the combustion-tube, for the purpose of collecting the gas which passes 
off over a pneumatic trough, as seen in Fig. 16. 

Pass air over the copper without applying heat to the tube. No action takes 
place, the copper retains its metallic lustre. Collect some of the air in a glass 
cylinder over water and introduce a lighted taper. The taper continues to bum 
quietly. Heat the copper next to bright redness by heaping ignited charcoal all 
round the combustion-tube. The metallic copper remains unchanged. Now turn 
on a slow current of air, and the metal is seen to blacken from the anterior end 
of the layer of copper turnings onwards. Collect the gas, which issues from the 
delivery-tube uncbr water, in a glass cylinder, and test it again by inserting a 
lighted taper : it no longer supports combustion, for the taper is extinguished. 

The gas is no longer air, it is in fact nitrogen gas. 
This constitntes, then, a ready method of obtaining pure nitrogen 
gas. 

Pass air till the whole of the metallic copper has been converted into the 
black oxide, which can readily be ascertained by collecting from time to time 
some of the gas over water, and testing it with a lighted taper. The oxidation is 
finished as soon as the gas supports once more the combustion of the taper. 

By weighing the copper turnings previous to their introduction 
into the combustion-tube, and weighing again after complete oxida- 
tion has been effected, we find an increase in weight The copper, 
like the metal mercury in Exp. 7, has attracted some ponderable 
matter from the air. The increase in weight remains proportionally 
the same, however frequently the experiment may be repeated. The 
weight of the metallic copper to that of oxide is as 100 : 125*2, or 
(for reasons to be explained hereafter) in the proportion of 63*5 of 
copper to 79*5 of oxide, i.e., 63'5 parts by weight of metal combine 
with 16 parts by weight of oxygen. 

Sixperlmeiit 19. — Heat gold or platinum wire, or foil, in a Bunsen gas 
flame. Neither of these metals is affected by the oxygen of the air. 

Grold and platinum exhibit, under these circumstances, no affinity 
for oxygen. 

Samnuury. — Some metals cam, take Oxygen from the air amdform 
Oxides, Combtistion a/nd oxidation are, chemically speaking, the same 
operation. Combustion in air or oxygen does not imply destncction 
but merely conversion of the combustible suhsta/nce into a new body^ 
into an Oxide. 

Some metals possess a great affinity for Oxygen, a/nd form Oxides 
readily ; other metals combine with Oxygen only at a high temperature ; 
others, again, do not combine directly with Oxygen at all, possessing 
but a very feeble affinity for that element. These latter metals are 
sometimes called noble metals. 

Atmospheric air consists mainly of two gases, of Oxygen amd 

Nitrogen, in the proportion of about one-fifth to four-fifths by volume. 

Oxygen sustains combustion amd animal life. Nitrogen is a noiV' 

supporter of combustion, and cannot sustain animal life, 

* The pumice-stone and sulphuric acid are heated together for a short time in 
a porcelain dish, and the excess of acid drained off before the U-tube is filled. 
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Tropertieg of Oxygen. 

Experiment 7 haa ahown that oxygen can be removed &om 
atmosptiorio air, and obtained in a, pore Btate. It wonld, however, 
be botli espeneive and tedious to obtain large qnantitiea of o^gen 
by the method described. We avail onrBelves in the laboratory, 
therefore, of the property which a certain salt, called potaano 
chlorate, posBessee, of readily parting with Hia oxygen when heated, 
leaving another salt, which doea Qot contain oxygen, viz., polatrie 
chloride. This salt is as yet of interest to as only as a convenient 
e of oxygen. 

ExperlmeBt 18. — 
Heat in a Flaranoe fluk 
or t«it-tube (Fig. 17) • 
few grunmes of potusio 
cUonte, KOiCL Col- 
lect the gas otbt mrtor 

! / T^^WE^ or OTlinderm. Bj flnt 

powderiDg the ult, and 
then miiing a im>U 
quantity of red oiide of 
iron linm rust) or black 
oxide of moDganeae wiHi 
" the powder, and hestitig 
Buch mixture in the 
flaak, or te«t-tiibe, a far 
more read; evolntion of 
utuTi. oxygen i* effected than 
bj heating the Mlt by 
ilaelf. 




For the purpow of collecting k larger volume of 
Bxperimenta, it ia preferable to employ a gaaholder, ~ ~ 



■officiant for BeTeral 
Q in Fig. 18. 

' first trftoifer 



■ portion &om the sosliolder to a tabulated bell-gtasg, closed by meani of : 
or s greued |;lBsa plate. The jar ia completely Blled under Hater, in the t 
of the gasholder (Fig. 18). On placing it over the central tube, which « ._ 
the lover veetel A of the gaaholder vith the upper vrater roMrroir B, i 
opening Brat the stopcock at a, nbich allows the water to flow from B to 
bottom of the Tenet A, and then the stopcock at l, the column of -water ii 



or cylinder, tutm the eTolution flaak or retort (Fig. 19). 





The boll-jar containing theoi;gen is then remoTcd from the wat«r. For thia 
purpose ita wide mouth ia closed under water, b; dipping an earthenware plate 
or iron basin under it, and ita content* can now be eiamined at pleaiure. 

BxpcrimCDt !•. — A thin watch-spring A (Fig. 20) is fastened to a cork in 
the deflagrating collar B, which flts the mouth of the jar. The steel spring must 
be heated first, before it can be coiled up into a spiral form. In order to cause 
the oxygen in the jar C to act upon the iron of the Hatch -spring, the temperature 
of the utter must be raised by fastening to the end of the walfh-spring a piece 
of tinder or dry charoooL The tinder or charcoal is ignited, the oork or glass 
ptale of the b«ll-jar is remored, and the cork with ibe watch-spring rajudlj 
inserted. The tinder or charcoal, which at Bret only glows, bunia viridly, and 
quickly raises the temperature of the watch-spring, till the latter bums likewise, 
and gtTBs a most daiiling light, throwing oS* sparks of melted metal and of 
oiide, which fait with a hissing noise into the water of the basin below. 

In place of bell-glasses, vide-neoksd bottles (Fig. 21) ma; also be employed. 
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A little water ought then to be left in the bottle, sufficient to cover the bottom, 
and to prevent the globules of molten iron from breaking the glass. 

This experiment proves tliat iron, which in the form of thin wire, 
can be bnmt in air, by holding it in a gas flame, bnms in free oxygen 
with great brilliancy, and gives off mncb heat. The product of its 
combustion in oxygen is the iron oxide FeaO*. 

Experimeiit 29.— Another bell-jar or bottle (Fig. 22) is filled in a similar 
manner with oxygen. A wooden cover is fitted to its mouth, through whioh 
passes a stout wire, to the lower end of which a small iron spoon is fiistened. A 
few pieces of sulphur are placed in the spoon, and infiamed previous to their 
introduction into the oxygen gas. The sulphur bums in the air slowly, with 
a pale blue fiame. As soon as the ignited sulphur comes in contact with tha 
oxygen of the jar, it bums brilliantly, with a dazzHng blue flame. On ex* 
amining the jar after the combustion is over, a sufibcating gas is found to be 
left, having Uie odour of burning matches. Introduce a piece of blue litmue- 
paper into the gas. It is turned red instantaneously. 

The gas is called sulphurous anhydride (SO2). 

Experiment SI. — Fill another bottle, or bell-jar with oxygen, and intro- 
duce in like manner a piece of phosphorus, another elementary body, as we 
have already seen, which possesses a great affinity for oxygen. The small piece 
of phosphorus to be employed is dried rapidly between folds of filter-paper, 
and then placed in the iron spoon, ignited, and rapidly introduced into tha 
bell-jar. Phosphorus bums with most intense light m oxygen gas, producioff 
at the same time great heat. Should any of the burning phosphorus be spurted 
from the iron spoon, and come in contact with the glass, it will cause tha 
glass to crack, without doing, however, any further harm. The whole jar ia 
filled with clouds of a heavy white compound, which gradually subside. On 
letting the jar stand for a little while, these white clouds disappear. They 
combine with the water, with which they form an acid substance. Test tha 
water with litmus-paper ; it turns blue htmus red. The liquid possesses an add 
taste. 

The white compound formed by the combustion of phosphorus 
in oxygen gas is caWed phosphoric anhydride (P2O6). The product 
of the action of water upon this compound is called phosphoric add. 

Experiment 22. — ^Arran^ apparatus in such a manner as to pass a current 
of oxygen gas from the dehvery-tube of the gasholder over pieces of ignited 
charcoal placed in a piece of combustion- tube, connected by means of corks and 
india-rubber tubing into a glass cvlinder, as shown in Fig. 23. Previous to 
applying heat to the charcoal, and before turning on the oxygen gas from 0, 
introduce a lighted taper into the glass cylinder. 

It continues to bum. Apply heat to the tube where the charcoal rests ; 
it bee;in8 to glow. Now pass a slow current of oxygen gas, the charcoal imme- 
diately bums most vividly, and the combustion goes on without any external ap* 
plication of heat. 

When the combustion has proceeded a few minutes, introduce the lighted 
taper again into the glass cylinder which received the gaseous product of com- 
bustion. The hght of the taper is extinguished. The gas in the cylinder is 
neither air nor oxygen. A series of burning tapers fixed on wires at varioua 
heights may also be introduced into a second wider cylinder. The taper placed 
lowest wUl be extinguished first, then the next above it, and so on, till all are 
extinguished. The charcoal in the combustion tube is gndually consumed and 
carried away as gas. 

It bums at the expense of the oxygen, i.e., it combines with the 

latter and forms an oxide of carbon, called carbonic anhydride (COj). 

This experiment proves then clearly that the colourless gas 
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which results from, the combustion of carbon in oxygen does noi 




Bz^riment SS.— Collect some of the gas Id a cylinder orer warm wat«P 
in & pneumatic trough. Bemoro the cjlinder when full of gas bj closinf; it with. 
a gtaai plate. Pour the gu into another cylinder in which a small burning taper 
ii placed. The taper is extinguished, and it ran be clearly seen how the carboniu 
aabydnds by fkUing through the air of the upright cylinder, at first forces down 
the dame, till at last it entirely eiting;uishefl it. 

This proves that carbonic anhydride is heavier than air, and that 
it coDseqaentlj falls throngh the air. 

BxiMrlttlant S4. — In like manner fill a stoppered glass cylinder with 
carbonic anhydride, close the mouth with the ground glass stopper under water, 
and remove the cylinder to a trough containing cold, but recently boiled 
water. Open the cylinder under water. The water rises slowly, the gas being 
•baorbed by the water. This absorption may be accelerated by Tigorouslj 
shaking. The water now tastes slightly mnd, and a strip of blue litmus-paper is 
■lightly reddened. 

This proves that carbonic anhydride ix abaarbed by water, and thai 
ilt eolution ia a weak acid, which is called carbonic acid. Natural 
waters contain carbomc acid. 

BxiMrtMent SK. — Pass the carbonic anhydride generated by the combus- 
tion of charcoal in oiyeen from the combustjon-tnbe, directly into a teet-tube 
containing lime-water {i.e., a clear solution of slaked lime in water). The first 
hubbies cause a milkiness, and in a few minutes a quantity of a heaTj whit« 

ewder is formed, which on interrupting the current of gas, gradually falls to the 
ttom of the test-tube. This powder is evidently the result of the action of 
the gas upon the lime dissolved in the water. If the gas is passed somewhat 
longer, the white powder graduaJlv dissolves azain. This proves that the latter 
is aoluble in excess of carbonic acid. On adding lime-water, the clear liquid 
becomes once more milky. The same happens when heat is applied. In the 
latter caae some of the gas ia seen to come off. 
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It has been already shown that water is formed by the combns- 
tion of hydrogen in 4, and that a mixture of hyd^gen and air, 
when ignited, explodes with great yiolence and forms water. A 
mixture of hydrogen and oxygen gas explodes with still greater 
violence, especially if the mixture consists of one yolume of oxygen 
to two yolumes of hydrogen. 

The heat produced by the combustion of oxygen and hydrogen 
is very great. A jet of oxygen directed into a flame of hydrogen 
causes sufficient heat to melt a platinum wire. 

Experiment S6. — Soak a good sized bladder in water till it is quite soft. 
Insert into the neck of the bladder Y a tube proTided with a stopcock r, shown 

in Fig. 24. A tubulated bell-jar is fitted with a stopcock t. 
By plunging the jar into the water contained in the upper 
vessel B of the «ksholder, it can be filled entirely with water 
by simply opening the stopcock at s, and allowing the air to 
escape. The stopcock is then shut off and the bell-jar con- 
nected with the tube of the empty bladder by means of a 
piece of india-rubber tubing. 

The bcll-jar is next filled with oxygen, as described under 
Experiment 18. By opening the stopcocks s and r, the gas 
is transferred to the bladder Y. 

By filling and discharging in like manner the same beU- 
jar twice with hydrogen gas from another gasholder filled 
with hydrogen, the bladder can be charged with a mix- 
ture of one part by volume of oxygen, and two parts by 

volume of hydrogen. According to a beautiful law of 

" " — nature, the twa gases rapidly diffuse and intermingle 

Fio. 24. most intimately, and the gaseous contents of the bladder 

now constitute a highly explosive mixture, the explosive 
nature of which may be shown by filling soap-bubbles with the gas. A solu- 
tion of soap and glycerine is most suitable for this purpose. The cup at the 
upper end of the tube which delivers the gas from the bladder, is dipped into 
the soap-solution. The stopcock is then opened, and, by applying a gentle 
pressure to the bladder, a bubble can be blown and shs^en off by a slight 
side-movement of the tube. The bubble ascends rapidly because the gaseous 
mixture with which it is charged is lighter than air, and can be exploded by 
applying a light to it as it ascends. Each bubble bursts with a sharp report. 

If no gasholders are at the operator's disposal the two gases may also be filled 
in the proper proportions, one after another, directly from the generating flask 
and retort into the bell-jar, which for this purpose is divided into three equal 
parts, and is placed full of water over a pneumatic trough. 

This experiment shows that hydrogen and oxygen do not com- 
bine at the ordinary temperature, but if the temperature of a 
very small portion of their mixture be raised by applying a hght 
to it, the heat which is produced by the chemical combination 
of hydrogen and oxygen communicates itself with great rapidity 
to the rest, and the whole mixture explodes. Water is formed by 
the combination of two volumes of hydrogen and one volume of 
oxygen. 

The combination of hydrogen and oxygen in these proportions 
can be shown in many other ways, but the highly explosive nature 
of the mixture renders it advisable for the operator not to atteiiipt 
at first any more elaborate experiments. 

Some of the elementary bodies hitherto treated of possess pro- 
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perties which appertain only to metals, others again lack snch 
properties entirely, e.g., carbon, sulphur, phosphorus. These latter 
bodies are called non-metals or metalloids,* Some of the elementary 
gases already examined, viz., oxygen, hydrogen, nitrogen, belong 
likewise to the non-metals. 

gqinmary» — Pure oxygen comMnes energetically with metallic as 
well as non-metallic elements. Oxygen mixed with nitrogen, as in air^ 
comhi/iies less energetically. The nitrogen a^ts as a diluent. 

Heat is produced by the combination of oxyg&n with other elementary 
bodies. Such combination is freguently accompanied by the phenome^ 
nan of light. 

The oxides of metallic bodies are solid bodies, either soluble in water 
and of a caustic or alkaline nature, or insoluble in water. They are 
also called bases. 

The oxides of non^metallic bodies are either gaseous, liquid, or solid 
bodies. They dissolve for the most part in water, and many possess 
acid properties. 



Chapter m. 



CHEMICAL REACTIONS (Combinatioiis and Decom- 
positions). ELEMENTS. 

Water is a liquid body at the ordinary temperature. If the tem- 
perature fall below Centigrade (32*^ Fahrenheit) this liquid 
solidifies and becomes ice.f Again, if the temperature of the water 
be raised by the application of heat, the liquid becomes converted 
into water vapour, or steami. That temperature is indicated on the 
thermometer scale at 100° Centigrade (212° Fahrenheit) at the 
ordinary atmospheric pressure. Water remains unchanfiged in com- 
'position, i.e., it is still composed of hydrogen and oxygen, in the 
proportion by volume of two to one respectively, whether it exist in 
the solid, liquid, or gaseous form, as ice, water, or steam. It merely 
changes its state of aggregation, and this change is dependent upon 
a loss or gain of heat cdone. It is a mere physical change. 

The metal sodium in Experiment 1, on being brought into contact 
with water, decomposed it rapidly. Hydrogen gas was evolved, and 
the oxygen went to the metal sodium, and formed with it a new 

* From fieraXXov, metal, and el^oc, form. It is difficult to draw the 
line of demarcation between metals and metalloids very sharply. MetaU 
are opaque bodies, having a peculiar lustre, known as metallic lustre^ and are 
good conductors of heat and electricity. Metalloids do not possess these pro- 
perties in the same degree. 

t Water may be cooled to — 12* C. without freezing, if it be left perfectly 
undisturbed. 

C 
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body, soda, or an oxide of sodium, differing essentially in its properties 
from the metal itself. Snch a change is no longer a mere physical 
change, it is called a chemical change. A new body was formed^ 
viz., soda, by the combination of two distinctly different bodies : the 
sodium, in &ict, entered into chemical combination with the oxygen. 

In Experiment 8, we saw that red oxide of mercury, when heated, 
gave off oxygen gas and mercury. One uniformly constituted body thus 
broke up under the influence of heat, into two new bodies, differing 
entirely from, each other. The chemical change arose from the break- 
ing up of one body into two. It was a chemicxil decomposition of a 
compound body into its constituent parts. Chemistry deals thus 
with simple bodies and compound bodies. A compound body which 
consists only of two simple bodies, is called a binary compound. 

Water is a binary compound, and so are the metallic oxides 
called bases, e,g., cupric, ferric, plumbic oxide. The names of binary 
compounds are constructed by using the names of the metallic 
element adjectively with a terminal ic, and giving to the non-metallic 
element the terminal ide. Carbonic anhydride is a binary compound, 
for Experiment 22 has shown that it is the result or product of the 
combination of the element carbon with the element oxygen. All 
combinations of oxygen, either with metals or non-metals, are called 
oxides, and the chemical change which gives rise to the formation of 
oxides, is called oxidation. Since at least two substances are required 
to produce a new body, the one acting or reacting upon the other, 
such chemical changes are also called reactions, and the bodies which 
act or react chemically are termed reagents. 

By way of chemical decomposition simpler substances are obtained 
from compound bodies, as in the case of red oxide of mercury, yielding 
oxygen and mercury. Metals and metalloids are always simpler bodies 
than their oxides (bases, acids). The question naturally arises, what 
are the simple bodies which constitute these metals and metalloids ? 
The answer must be, that it has hitherto been found impossible to 
decompose these bodies into simpler substances. Such substances, 
then, which cannot by any known process of decomposition in the 
present state of chemical knowledge be split up or decomposed into 
still simpler bodies, must be taken to constitute absolutely simple 
bodies. It does not, however, follow that at some future time means 
and ways may not be discovered, whereby these metals and non- 
metals may be decomposed into still simpler bodies. Such abso- 
lutely simple bodies for the time being are called elements. They 
form the basis of all chemical compounds. 

The endless variety of animate and inanimate forms in nature 
might at first sight lead us to think that there must be an innu- 
merable host of elements, and that to fathom them all in their 
manifold and varying characters must be all but impossible to 
the human mind. Does it not strike us, for instance, that the 
infinite varieties of form, colour, odour, taste, &c., which consti- 
tute the main portion of our experience as regards matter, must be 
due to an equally varied number of elementary constituents ? And 
yet there are but a few elements which, by combination with 
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each other, make np all the objects that surround ns in nature — 
from the wonders that lie hidden beneath the surface of the earth, 
even to the very glories of the distant star world above. Although 
we are as yet very far from knowing every chemical compound that 
exists in nature, it may safely be stated that no element of any import- 
ance has escaped the searching eye of the chemist in that portion of 
our globe which is accessible to chemical investigation. 

The result of such investigation has proved that only a limited 
number of elements exists. Up to the present time we have become 
acquainted with 62 elements, of which about one-half occur in nature 
in such small quantities, and so locally, that a limited share of use- 
fulness only can be ascribed to them in the mineral kingdom, as well 
as in the economy of animate life. Others again are of the utmost 
importance, and appear to pervade almost every nook in nature (viz., 
oxygen, hydrogen, carbon, iron, aluminium, calcium, potassium, 
sodium). It will on this account be quite legitimate if a larger 
share of our attention be bestowed upon these. In the following 
table, arranged in alphabetical order, the 36 most important ele- 
ments are distinguished by black type ; those next in importance, 
10 in number, by itaUcs ; whilst the rest of the elements which 
occur, either to a very limited extent in nature, or of which 
we possess as yet a very imperfect knowledge, are printed in small 
ordinary type. The Latin names — a few of the names are of Greek 
origin, but have become latinized — are given wherever the English 
names of elements differ therefrom. Chemists have, moreover, 
adopted a kind of symbolic language by writing merely, as has 
already been shown, in the place of the ftdl name, the first letter of 
the Latin name of each element. Sometimes, for the sake of distinc- 
tion, the first and second letter, or the first letter together with some 
leading letter out of the middle of the Latin, are used, thus Sn stands 
for stannum, tin ; Ft stands for platinum ; Pb for plumbum, lead ; As 
for arsenic. 
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Table of Chemical Elements {contimied). 



• • 



Nitrogen 

Osmium 
Oxygen 

Palladium 
Phosphoms. . 
Platinum 
Potastlnm (Kalium) 

Mhodittm . . 

Rubidium 

Buthenium 

Selenium 

Silicon (Silicium) . . 

SllTer (Argentum) . , 

Sod lam (Natrium) . . 



Symbol. 

, N. 

Os. 
. O. 
. Pd. 

P. 
. Pt. 

E. 

Rh. 

Rb. 

Ru. 

Se. 

Si. 

Ag. 

Na. 



Strontlnm 
Solphnr 

Tantalum 

Tellurium 

Thallium 

Thorium 

Tin (Stannum) 

Titanium . . 

Tungsten (Wolframium) 

Uranium 

Vanadium 

Yttrium 

Zinc 

Zirconium 



« • 



SymboL 

Sr. 

S. 

Ta. 

Te. 

TL 

Th. 

Sn. 

Ti. 

W. 

U. 

V. 

Y. 

Zn. 

Zr. 



Summary.— O^w^e^ in the mere state of aggregation of bodies a/re 
termed physical chanircs. 

Changes which give rise to a new body or bodies, differing essen^ 
tially in properties from the original bodies, are called chemical 
chanires. I7ts 7iew body or bodies may be formed — 1st, By the comr' 
bination of two (or more) simple bodies, perfectly distinct in their pro* 
perties ; or, 2nd. By the decomposition of a compound body into two 
{or more) simpler bodies, differing in properties from the former. 

Bodies reacting upon each other are termed reagents. The change 
itself is called a reaction. 

Bodies which cannot be decomposed by any hnovon process into 
simpler bodies, differing essentially in properties^ are called simple 
suhBtances or elements. 

Sixty-two elements are known up to the present tims. 



Chapter TV. 



REDUCTIONS. CHEMICAL AFFINITY. 

Oxides are binary compomids. Most oxides hitherto referred to were 
obtained by a simple process of addition of element to element. 

A further step towards enlarging onr chemical knowledge will 
naturally be gained by ascertaining whether these binary compoundB 
can be broken np into their component parts or elements ; whether, 
in fact, the elements contained in oxides can be isolated again. Che- 
mical processes of this kind are termed reductions. 
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Experiment 8 showed clearly that heat alone can split np an 
oxide into its two component elements, into mercury and oxygen. 
Reductions of so simple a nature are, however, rare; and it happens 
more frequently that the afl&nity which holds elements together in 
binary compounds is much greater than what we find in the case of 
the red oxide of mercury, and that heat alone cannot overcome it. 
In such a case we make use of the stronger affinity which a third 
element may possess for one of the elements of a binary compound. 

Adhesion or cohesion exists between bodies or parts of bodies and 
enables them to hold together without altering their properties and 
to remain what they are. A chemical change, we have learned, pro- 
duces new bodies, different in properties from the original bodies. 
Hence a chemical compound must form a far more intimate 
combination, and the union of the elementary component parts 
must necessarily extend to the smallest possible particles of the 
body. On this account a distinct name has been given to 
this uniting force, viz., chemical affinity. It may be defined as 
a force which draws together the elements of a compound, firmly 
linking particle to particle, and which opposes itself to their 
separation. 

Experiment 10 has shown that sodium and potassium possess a 
greater liking or attraction or, as we must now call it, a greater 
affinity for oxygen than either magnesium, iron, lead, mercury, or 
copper. We infer therefore that it will be easier to remove the 
oxygen from mercuric oxide than from soda. This is actually the 
case, as Experiment 8 proved. If only a slight or weak affinity has 
to be overcome between the elements composing a binary compound, 
aa in the case of mercuric oxide, heat alone may overcome the force 
which is opposed to their separation. If, on the other hand, the 
elements of an oxide are held together by a powerful affinity for 
each other inherent in each element — although heat will certainly 
help to overcome the opposition — to overcome it entirely we must call 
into action other elements possessing a still stronger affinity for one 
or other of the component elements of the oxide. Now, to discover 
the different degrees of affinity which different elements exhibit 
towards one another, and to be able to select the right element for 
the purpose of breaking up a binary compound, is a matter of pure 
experiment. Such knowledge, in fact, constitutes our chemical 
experience. It is possible to reason from a knowledge of well- 
established affinities and frequently to predict by reasoning from 
analogy, what changes will take place when an element acts upon a 
binary body. The experience gained by the few simple experiments 
which have hitherto been described has already taught us that 
potassium, sodium, and phosphorus possess great affinity for oxygen. 
Next to these we must classify sulphur, carbon, hydrogen, magne- 
sium, aluminium, zinc, iron, tin, lead, copper, mercury, silver, plati- 
num, gold ; and we perceive at once why silver, platmum, and gold 
are noble metals, namely, because of their extremely slight affinity 
for oxygen. 

Experiment Vl. — Introduce some cupric oxide or black copper scales (sod 
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from titio utd dilute hydrocUorie add in the Wonlfe's bottle A. Commercial 
■inc it, hoireTsr, never obtained pure, but contains invariably Btnall quan- 
tities of cubon and sometimee of arsenic and sDlpbur t vUcli form gaseous 
hjdrogen compound! poucBsing a tbtj disagreeable odour. In order to 
nmOTe tliese impurities, the hjdrogen gM u passed through a Woulfe's 
bottle B, containing water — a so-called wash-bottle — and then through several 
IJ-tubes, C D E, filled with small pieces of pumice-itone, before it pOBBes 
over the cupric oxide io F. The pumice-stone in the first TJ-tnbe is moistened 
irith a concentrated solution of caustia potash ; that in the second with a solution 
of corroaive sublimate ; and that in the third with concentrated sulphuric acid, 
which retains everr trace of moisture which the gas carries with it. The cupric 
oiideinFis heated bj a spirit lamp or gas jet ; and is connected with a small two- 
necked receiver G, in which the greater part of the water which is produced by 
the deoiidation or reduction of the cupric oxide is allowed to condense, and with 
a U-tube H filled with pumice-stone soaked in concentrated sulphuric acid which 
absorbs the remaining water. 

The bulb -tube is fint weighed empty, then witb its charge of about 
4 ^rammea (or GO grains) of previously ignited oxide. The difference in the 
weight gives l^e amount of cupric oxide. Ae soon aa the air has been com- 
pletely displaced from the tulie, the gas which issues frtmi the glass jet ^ nuiy be 
li^t«d and heat applied U> the cupnc oxide. When the oxide has become suffi- 
ewntly hot, a change is observed. It begins to glow, the hydrogen flame becomes 
smaller and smaller and dies out at last. Moisture condenses in the two-necked 
receiver Q and in the U-tube H. the weight of which has been proviouslj 
tained. If the lamp be removed from time to time the formation of 
oeases and the hydrogen can be lighted again. By continuing the applicat 
heat, whilst passing a slow current of hydrogen, it is possiUe to obtain finely- 
divided mrtallic oopper In the form of a red spongy powder. The experiment is 
continued till the whole of the oiygen of the cupric oxide has gone to the hydro- 
gen to form water. The bulb-tube is allowed to cool in a e- — ■-' -' ■"-" i— J-.~~ 
It is then disconnected, the hydrogen displaced by dry 
weiohed a^in as speedUy as possible. The diSbrence u 
the loss which the cupric oxide has suflbred. 



the weight indlcatei 
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The loss is the same, however often the experiment may be 
repeated. It is in the proportion of 79*5 to 63*5, or, if we express 
it in percentage numbers, every 100 parts by weight of cnpric oxide 
lose 2013 of oxygen. 

It is obvious that the water left in the receiver G and the U-tnbe 
H must be the result of the oxidation of the hydrogen gas by the 
oxygen removed from the cnpric oxide. The increase in weight, 
which can readily be determined by a second weighing, consists 
in fact of the oxygen so removed, and the hydrogen with which 
it combined to form water; and for every 8 parts by weight of 
ponderable matter lost by the cnpric oxide in the bnlb-tnbe F, we 
find an increase of 9 parts by weight in the receiver G and U-tnbe 
H. "We are therefore justified in concluding that oxygen and hydro^ 
gen combine in the proportion of 8 to 1 by weight to form water. 

This experiment proves clearly that the aflinity which hydrogen 
possesses for oxygen is not sufficient to bi'eak up cupric oxide (a 
binary compound) in the cold, but only when aided by heat. On 
comparing the change that took place when red mercuric oxide was 
heated, with the change which took place when hydrogen was passed 
over cupric oxide, two things become apparent, viz. : — 

1st. Both changes are reductions, 

2nd. The second red/uction is ax^compa/nied by an oxidation. 
Chemically combined oxygen, aa well as free oxygen, or oxygen 
mixed, with nitrogen as in air, can therefore oxidize hydrogen and 
convert it into water. 

It is of interest, moreover, to observe, how a gaseous body, 
oxygen, becomes converted into a solid by combining with copper ; 
and on leaving the copper and combining with the gas hydrogen, 
is converted once more into a gaseous body, steam, which con- 
denses into a liquid body, water. 

The oxidation of the hydrogen by means of the oxygen in the 
cupric oxide, is termed an indirect oxidation. 

Other metallic oxides can, in like manner, be reduced, and this 
process of reduction is actually resorted to when pure iron and zinc 
nave to be prepared. 

Some oxides, such as magnesia, soda, potash, cannot, however, be 
reduced in this simple manner. These metals have too strong a hold 
upon the oxygen ; or, in other words, the chemical affinity which 
they possess for oxygen is greater than that which hydrogen possesses 
for oxygen, even when aided by strong heat. 

From Experiment 1, we have seen that the affinity of the metal 
sodium for oxygen is sufficiently powerfdl to decompose water, i.e., 
to deprive it of its oxygen, and thereby liberate the hydrogen in the 
gaseous form. The oxidation of the metal sodium was in that 
case likewise an indirect oxidation. 

Exj^rlment S8. — Introduce into the bulb of a hard glass tube (F^. 26) a 
small piece of sodium, and pass slowly over it dry carbonic anhydride, ob- 
tained as shown in Experiment 22. No change takes place. Heat the metal 
contained in the bulb. It is rapidly converted into the oxide of sodium or soda 
at the expense of the oxygen of the carbonic anhydride, and carbon separates 
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and remains intimately mixed np with the oxide. Allow to cool and add a 
little water. The soda dissolves and the carbon floats on the liquid and may be 

separated by filtration. , . j • 

This expenment, viewed m 

connection with Experiment 22, 
proves that carbon can be oxi- 
dized directly by passing oxygen 
over charcoal heated in a tube of 
hard glass; and that the carbonic 
anhydride so formed can indi- 
rectly oxidize sodinm, leaving 
free carbon. 

It becomes also apparent tbat 
tbe metal sodinm possesses a 
Fio. 26.— BiDocTioN OF cOa BT aofiiuM. stTongcr chemical aflBnity for 

oxygen than the non-metal car- 
bon; and yet sodinm and potassinm are obtained in the metallic state 
by this very action of carbon npon the oxides of these metals. Here 
then is an apparent contradiction. 

It may be readily explained, however, if we take into acconnt 
the part which heat plays in these reactions. Carbonic anhydride 
yields np its oxygen to the metal sodium, when the latter is gently 
heated, as in the preceding experiment, because at this temperature 
the affinity of the sodinm for the oxygen is sufficiently excited to 
cause the decomposition of the carbonic anhydride. The finely- 
divided carbon does not, however, react upon the sodic oxide 
formed, the heat not being sufficient ; but if a mixture of soda and 
carbon be exposed in an appropriate furnace, and in suitable iron 
vessels, to a strong heat, the affinity of the carbon for oxygen becomes 
stimulated to a sufficient degree to deprive the sodic oxide of its 
oxygen. The gaseous product of the indirect oxidation of the carbon 
escapes, together with the vapour of the metal sodium. The latter 
can be condensed into a solid body, whilst the carbonic oxide can 
no longer exert any action upon the metal at a low temperature. 
Such chemical changes depend upon reciprocal affinities. 
Phosphorus, we have seen, possesses, like sodium or potassium, 
a strong aflBnity for oxygen. But by mixing its oxide, phos- 
phoric acid, or substances contaioing phosphoric acid, such as 
ground bones with charcoal, and exposing the mixture in an iron 
retort to a strong furnace heat, phosphorus distils off, and can be 
condensed in water, whilst the oxides of carbon escape as gases. It 
is evident then that the easy volatilization of sodium and phosphorus 
fia<silitates the process of reduction ; whereas metals, such as magne- 
sium and aluminium, which possess less affinity for oxygen, but 
volatilize with more difficulty than sodium or phosphorus, cannot be 
reduced from their oxides by the action of carbon. 

Sqinmary» — Oxides are binary compaundsy formed by th^ direct 
or indirect combination of oxygen vnth another element. Hie opera^ 
Hon by which a compound body is resolved into its elements is called a 
rednetloii (resolution). 
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The force which drcms together bodies of the same or of a different 
chemical nature^ a/nd which opposes itself to their separation^ is called 
chemical affinity. 

The intensity of a chemical reaction depends upon the strength of 
the chemical affinity which exists between different kinds of elementa/ry 
matter. 

Elements which possess the greatest affinity for oxygen constitute 
the most powerful reducing agents. 

A reduction is frequently effected by the illsplaceinent (^substitution) 
of one element in a binary body by another element. 

Such displacement depends not only upon the degree of affinity, but 
also upon the temperature, state of division, 8fc., of the bodies reacting 
upon each other. 

Reactions are termed redproeal, when the result of one reaction 
constitutes the basis or starting-point of another, e.g., 

AB + C = AC + B 
AC + B = ABH-C. 



Chapter V. 

REDUCTION BT MEANS OF ELECTRICITT 

(Electrolysis). 

The rednctions hitherto studied have been of a twofold nature : 

1st. A simple decomposition of an oxide by heat into its 

component parts or elements. 
2nd. A decomposition by the aid of an oxidizable body, either 

without heat or assisted by heat. 

Electricity furnishes us with additional means of splitting np 
many chemical compounds into their elementary component parts. 
Voltaic electricity* is almost exclusively used for this purpose. 

Od plunging the electrodes of a voltaic batteiy (consisting of 
two zinc-carbon cells at least) into water to which a few drops of 
sulphuric acid have been added, decomposition of the water takes 
place. Oxygen escapes from the positive electrode connected with 
the carbon end, and hydrogen from the negative electrode connected 

* The student should study in some good manual of Natural Philosophy the 
laws of the electric current, and make himself ,£ftiniliar with the apparatus 
employed for producing yoltaic electricity. 
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with the zinc end of the battery. If the end of the wire of the 
pOBitire electrode conaiBta of a readily oxidiisable metal, snch as iron 
or copper, no ozygeo is evolved, as the gaa combines with the metal 
the moment it leaves the hydrogen of the water, and fonna with it 
an oxide. Hydrc^en, on the other hand, is evolved at the negative 
pole in the free state. In order to obtain oxygen likewise in the free 
Btate, platinum electrodes are employed, and both gases can thus be 
collected either separately or mixed together in the same vessel. 

Bxyerlment S9. — On mtraducing the platinum electrodes into mler, the 
oonductivB power of which ba* been incretwed by the addition of ■ few dropa of 
Bolphuric acid, ve obeerre immediatelj small gas bubbles foroung on Oie atrips 
of pUtinum, and escaping through the liquid (Fig. 27). 




Fm. 27. 
Bx»«rtment S*.— A small bottle (Fig. 28) is Gtted with a eoA and a short 
glau tube, bent at a right angle. Two platinum wires pass likewise tliron^ the 




arlj fitlod with adda- 
9 connected by means of copper wim 
with the Toltaic battery. Gas bubbles are instantaneously seen to form on tile 
platinum strips, and (o delach themselvei gradually ; they rise through the 
Uquid and escape through the deliTerj-tube into the cylinder, C, placed full of 
water oter the pneumatic trough. The gas so collected detonates with great 
violence when a light is applied to it. 

It constitutes, la fact, an explosive mixture of two volomea of 
hydrogen, and one volume of oxygen. 

ExperlHient SI. — These rolume proportions arc shown by introducing Qm 
platinum electrodes, resting on a piece of gutta-percha, into sepvate cjlinder* 
of equal diameter, as shown in Fig. 29. The gas arising from the negatiTe 
electrode occupies twice the space bom that given olT at the positiTe eletitrode. 
" • ■ ■' ''ls usual w^, by applying a Light, tha larger TolniD» 



CONSTANT VOLUME PROPORTIONS. 




Bxperiment 3*.— In order to shoir GiM the ^hs eTolved at the positive »nd 
aegatiio electrode always come off in the proportion of 
one tolnme of oxygen to two rtoUimei qf kyirogfa, aa 
apparatus proposed bj Br. Uofmaim (Fig. 30) may be 
nied with great adranta^e. It coiuUt« of a U-tube, ooD- 
nected hota ita bend vitb an equally wide long upright 
tube. Tlie two tubes of the D-tube end in two narrow 
tubes, prorided with glus stopcocks. The apparatus is 
fiUed with acidulated water, so that the IT-tube is quita 
full op to the stopcoclu. The main tube miut be lonff 
enouxn to receive the liquid contained in both limbs of 
the U-tube. The two electrodes are introduced from 
below into the U-tube. Od completing the circuit oxygen 
is seen to be evotTod at the poeitiTO aod hydrogen at the 
negatira pole ; the quantity of the former is, moreoTer, 
seen to be always just double that of the latter gas, 
however much or however little water we may decern- 

Kg by the voltaic current. The gases collected in the 
bs of the U-tubes are teet«d by opening the stop- 
cocks, applying successively a glowing chip of wood or a 
lighted taper to the gas which issues from the narrow 
tube. 

Onr attention ia at once fixed in the two last 
experiments by the constant vohime proportions 
in which the two gases are obtained on electro- 
lysing water. In fact, as often as the experi- 
ment is repeated, one Tolnme of ozjgen and 
two volomee of hydrogen are invariably ob- 
tained. We have, tJien, a right to infer that the 
two gases are really combined in wat«r in these 
proportions. 

Bxperlncnt SS.— It remuns now only to prove 
hydrogen and one volume of o^gsn, when miied and exploded u 




BUDIOMETEB. 



tabe* a (Fis. SI), combine In tlie very aaniG pi 

emplo; for tbis purpose a n&rrow glsH tube, a, a 

the eiploeiTe mixture, and i ' 

cjtinder t. The electric Bparl 

into tbe Dpper part of the tube itt 

the tube, and end outaide in tvo 9n:iall loopa, one of which, b. is connected b; 
, meuui of a small chBin with the outer coating 

of a Lejden jar, charged with electricity ! and by 
touching tbe other loop, c, with the knob of tbe 
jar, a upark paaaee through both platinum wiivi, 
and Srea the gaseous miTtnre. 

The heat which ii produced bj the chemical 
oombination of the hydrogen and oijgen, mo- 
mentarily eipands the two gases considerably. 
The eudiometer should, therefore, nerer be 
more than half full of gas, and should, moreoTer, 
be pressed down firmly upon an india-rubber 
pad at tbe bottom of the mercury. As soon as 
It boB Bufflciently cooled, the steam oondenses on 
the sides of tbe eudiometer, and the i 
rushes in and fills nearly the whole of the b] 
occupied previously by the two gases. 

1 combining relations betreen ele- 
a the processes of oxidation and reduction 
hitherto studied, no accoimt was taken, viz., the quantitative propor- 
tions in which elementg eomftme. The combination of water by 
volome may be represented by the following scheme : — 




This 
mentary bodies ; of which. 



H 



E 

S 



The small sqnarea are made to represent the roltime nnits 
of the elementary gases; and to represent wat«r symbolically we 
should write Ott, or OHj, the formation of water by the combina- 

taon of oxygen and hydrogen being expressed symbolically by the 
equation—.. 

+ H, = OH,. 
Now if two elements snch as oxygen and bydrogcn are found to 
combine invariably infixed volumes, it is clear that these two gasee 
most also combine in fixed proportions by weight, for each of these 
gases baa its own weight or specific gravity. Hydrogen has & 
sfiecific gravity of 00693, and oxygen of 11056, when compared 
with air; hydrogen is therefore 16 times lighter than oxygen, 

11056 _ ,g 
0-0693 ■ 

If 1 litre of hydrogen gas weighs 1, a litre of oxygen must 
* So called from aiiia, calm air, and ft^rpev, a BwMiuc. 
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weigh 16, and since always two parts by volume (2 litres) of 
hydrogen are required to combine with one part by volume (1 litre) 
of oxygen, two parts by weight of hydrogen will be necessary to 
combine with 16 parts by weight of oxygen, and in order to express 
symbolically the combination by volume and by weight by one arid the 

earns scheme or formula, water is written O-rr, or OHt, in which 

formula each H not only expresses hydrogen, but one part by weight 
and one part by volume, and the not merely oxygen, the element, 
but 16 parts by weight and one part by volume of oxygen. 
Water is then composed as follows : — 

By volume. By weight. 

2 vols, of H 2 parts by weight of hydrogen. 

1 vol. of 16 parts by weight of oxygen. 

Or in 18 parts by weight of water (say 181bs.) there are — 

21bs. of H, and 
161bs. of ; 

and as this composition of water is constant, we can readily calcu- 
late fix)m these figures how much hydrogen or oxygen is contained 
in any given quantity of water. 

In order to know, e.g., how much hydrogen is contained in 
lOOlbs. of water, we have the proportion — 

18 : 2 : : 100 : aj 

X = 11*11 lbs. of hydrogen. 

The percentage composition (by weight) of water is therefore — 

Hydrogen 11*11 
Oxygen 88*89 

100*00 

Now, in Experiment 27 we likewise obtained water, as the product 
of the reduction of cupric oxide in a current of dry hydrogen gas, 
and we found that the oxygen and hydrogen combined in the pro- 
portion of 8 to 1. 

It is obvious, however, that the water so obtained had the same 
composition as the water decomposed by electrolysis in Experiment 
32, and we have, therefore, no hesitation in altering the above 
figures to the proportion of 16 of oxygen to 2 of hydrogen, so as to 
represent by the same formula, volume combination as well as combi/nar, 
tion by weight. 

gununmry.— FoZtoc electricity constitutes a powerful reducing 
(^resolving) agent. 

Oa^eous elements combine in very simple definite proportions by 
volume and by weight. These proportions a/re constant. 

Symbolic representation of chemical changes embra^ces by one a/nd 
the same formula both volume combination and combination by weight. 
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Chapter VI. 

CONSTANT COMBINING PROPORTIONS, ATOMS 
AND MOLECULES; ATOMIC AND MOLECULAR 
WEIGHT. 

We have just established experimentally that the combination by 
volume of hydrogen and oxygen remains invariably the same, 
whether large or small volumes of the two gases enter into chemical 
combination, that the combining ratio of two volumes of hydrogen 
to one volume of oxygen gas remains in fact constantj and that the 
combining proportion by weight must, for the same reason, be like- 
wise constant, viz., as 2 to 16. 

We can conceive, moreover, that chemical combination does take 
place between minutely small proportions by volume of the gaseous 
bodies hydrogen and oxygen — between quantities far beyond tho 
reach of experiment — and yet be convinced that all such combina- 
tions, even between the smallest imaginary gaseous particles of these 
elementary bodies, must take place in a like ratio of two volumes of 
the one to one volume of the other, and that the water so formed 
must possess properties perfectly identical with those observed in 
the water resulting from the combination of large volumes of hydro- 
gen and oxygen. It can be proved experimentally also that when a 
mixture, containing an excess of either element, is exploded in a 
eudiometer, chemical combination takes place only so far as to 
satisfy the requirements of this law of definite proportions, viz., be- 
tween two volumes of hydrogen and one volume of oxygen ; and 
the portion of the element that happens to be in excess of this ratio, 
will remain in a free or an uncombined state mixed with the aqueous 
vapour. The C(ytnb{ning proportions remain constant. 

The composition of water by weight and by volume is capable of 
being demonstrated by the two methods usually pursued in chemical 
investigations : viz., by the analytical* method, for we can break up 
water (comp. Experiment 32) into its constituent parts ; and by the 
synthetical'^ method, for we are able to obtain water by the direct 
union of the two gases hydrogen and oxygen in the eudiometer 
tube. We have learnt to destroy water and build it up again. The 
means at our disposal for proving the chemical composition of water 
are in fact more ample than those we possess for demonstrating the 
constitution of most other bodies. We can break up bodies r^tdily 
enough into their constituent elements, but are sometimes unable to 
build them up again. 

If water, then, results from the chemical combination of smallest 
particles of two kinds of gaseous elementary matter in immutably 

* From aviLkvaig, a looseniog. f From civOtctQf a putting together. 
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constant proportions, it may legitimately be conceived, that chemical 
combination always takes place between snch smallest particles of 
matter, and that every process of chemical combination between 
large or small bnlks or volnmes of gaseous matter is, in fact, merely 
a repetition of a process of combination between smallest possible 
gaseous particles or volumes ; also, that chemical bodies generally 
consist of a number of smallest particles of matter, capable of 
entering into combination with smallest particles of other kinds of 
elementary matter. 

We have no conception what these smallest particles are, nor do 
we know what is their size, shape, etc. Matter itself being as yet 
unknown to us, need we wonder that the very existence, size, 
shape, etc., of the smallest particles of matter should not be capable 
of experimental demonstration ? Where experiment fails to throw 
light upon the absolute nature of the constant chemical combining 
proportions, and can at best only supply us with relative data, 
hypothesis steps in. 

Dalton assigned to the smallest particles of matter, between 
which chemical action takes place, finite proportions, and called 
them atoms;* assuming them to consist of the smallest particles of 
elementary matter which are capable of existing in chemical combi- 
nation. According to this theory, known as the atomic theory, all 
elementary matter consists of atoms which, on entering into combi- 
nation with other atoms of similar or dissimilar elementary matter, 
form molecules, i. e., little masses from m^les, a mass. A molecule 
of matter is the smallest quantity of a substance — elementary or 
compound — which is capable of existing i/n the free state. 

The weight of hydrogen which combines with or is expelled 
from other gaseous, liquid or solid elementary matter, being re- 
latively smaller than that of any other elementary body known to 
us, has, on this account, been adopted by chemists as a convenient 
unit or standard for determining the relative combining weights of 
elementary bodies. The smallest proportion by weight in which an 
element enters into or is expelled from a chemical compound — the 
smallest weight of hydrogen so entering or leaving a chemical com- 
pound being chosen as unity — constitutes the relative combining 
weight of such element. The observationt that the weight of an 
element in the form of gas or vapour, under like conditions of 
temperature and atmospheric pressure, occupies the same volume as 
one part by weight of hydrogen, corroborated the relative combining 
weight. These proportional numbers are called atomic weights. 
They are purely arbitrary numbers. The atom weight of any other 
element might have been chosen as the standard — in fact, oxygen 
at one time constituted the standard and had the combining weight 
100 assigned to it — without in the least disturbing the law of 
constant combining proportions. By making the atomic weights 

• From arofioqy indivisible. 

t Other considerations have guided chemists in the determination of atomic 
weights upon which we cannot, howeyer, touch, as we lack as yet the necessary 
experimental data. 
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of other elements the standard of comparison, as many series of 
atomic weights might be obtained as there are elements; and yet all 
wonld satisfy the requirements of the atomic theory, since they 
wonld all express correctly the relatlye comhming weights of elemevin 
ta/ry bodies. 

In water, we have already seen, there are two parts by weight of 
hydrogen — or as we must now call it, two atom weights — combined 
with 16 parts by weight or one atom weight of oxygen, the gaseons 
atom oxygen weighmg, as we have seen, 16 times heavier than 
an atom of hydrogen. In like manner we have found by experiment 
that the metal mercury combines with oxygen in the proportion of 
200 to 16 and we have no hesitation to assign to the metal mercury the 
atomic weight 200 : that is to say, one atom of mercury, weighing 200, 
by combining with one atom of oxygen, to form 216 parts by weight 
of mercuric oxide, takes the place of two atoms of hydrogen in water. 
Copper, we have seen, combines with oxygen (compare Experi- 
ment 27). The increase in weight was invariably as 63*5 of copper 
to 79*5 of the oxide. The atomic weight of copper must therefore 
be 63*5 ; i.e., one atom of the element copper, weighing 63*5, entered 
into combination with 16 parts by weight of oxygen and replaced 
two atoms of hydrogen in water. 

It is obvious that we should have no difficulty in fixing the 
atom weight of copper if this elementary body could be obtained 
like hydrogen in the gaseous condition. We should simply have to 
determine the specific gravity of a given volume, say one litre of 
gaseous copper, and divide the weight of such volume by the 
weight of an equal volume of hydrogen. We should next have 
to double the number so obtained, because the atom copper 
takes the place of no less than two atoms of hydrogen. We can 
conceive, however, that the oxygen gas which existed in a solid 
condition in combrnation with the metal copper, and which was 
removed in Experiment 27 by the action of the gaseous hydrogen in 
the form of water, leaving behind solid metallic copper, was attacked 
by one hydrogen atom after another, and that for every two atoms 
of hydrogen, with which an atom of oxygen combined, one atom or 
63*5 parts by weight of copper were set free, so as to leave for every 
79*5 parts by weight of cupric oxide which were acted upon, 63*5 
parts by weight of metallic copper, and 18 parts by weight of water. 
If, then, combination between smallest particles by weight of oxygen 
and hydrogen can be conceived, it is equally conceivable ^hat 
smallest particles (or atoms) of the solid body copper were com- 
bined with smallest particles (or atoms) of oxygen, and that the 
binary compound cupric oxide consisted likewise of smallest particles 
(or atoms) of copper and oxygen, combined in immutably constant 
proportions by weight. 

Now, in anticipation of experimental confirmation, we may say 
that the same holds good for other elements. The atomic 
weights were found to differ for every element, and had to be 
determined in every single case by experiment. Such quantitative 
experiments are among the most diO&cult and delicate chemical 
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operations ; let it suffice, then, to remark that the law of combina- 
tion according to constant proportions by weight and by volume, has 
been established experimentally with the utmost precision, and that 
we shall have frequent opportunity, as we enlarge our knowledge of 
chemical compounds, to satisfy ourselves of its perfect consistency. 

The symbols which have hitherto merely represented the indi- 
vidual elements gain thus in interest, since they not only recall the 
name of the element, but indicate at the same time one atom of such 
element, together with its particular combining weight and, with few 
exceptions, its combining volume. 

The following tables give the names, symbols, and atomic 
weights of the 36 most important elements : — 



Non-Metallic Elements (Metalloids). 



Oxygen O 16 

Sulphur S 82 

Chlorine CI 85 -5 

Bromine Br 80 

Iodine I 127 

Fluorine F 19 



Nitrogen N 14 

PhosphoruB P 81 

Carbon C 12 

Boron B 11 

SiHcon Si 28*6 

Hydrogen H 1 



Metallic Elements. 



Uskt Metals 

Potassium .. 
Sodium .... 



Magnesium. 



Barium .. 
Strontium 
Calcium. . . 



Al pTnininm 



K 

Na 



Ba 
Sr 
Cbk 

Al 



89 
23 



Mg 24 



137 
87-5 
40 

27-6 



Hemyy* Metals 

Chromium . . . . . 

Iron , 

Zinc , 

Manganese 

Cobalt 

Nickel 



Tin 

Gold . . . . 
Platinum. 



Lead 

Mercury . . 

Silver 

Copper. . . , 
Cadmium 
Bismuth . . 
Arsenic . . 
Antimony 



Cr 
Fe 

Zn 
Mn 
Co 
Ni 

Sn 
An 
Pt 

Pb 

Cu 

Cd 
Bi 

As 
Sb 



52-5 
66 
65 
65 

68-8 
58*8 

118 

196-7 

197-4 

207 
200 
108 

63*5 
112 
208 

76 
122 



Combination by volume, we have seen, takes place 4n accordance 

* The metals which possess a higher specific gravity than 5, and which are 
not acted upon, at the ordinary temperature, by the oxygen of Uie air, are called 
heavy metals. 
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YOLtrUETBICAL OOUPOSITION OF STOUI. 



with the law of conetant oombixdoE proportions l^ weight; i.e., two 
volomea of hydrogen will invariaSly combiiie with one volnme of 
oxygen to form water (Bteam). 

What volome, however, does the Btoam bo formed oocnpy P 
This qnestion can only be answered experimentally. 

In order to measnre the Tolome of steam left m the endiometer- 
tnbe (Experiment 33), hydrogen and oxygen gases most be exploded 
at a temperature at wfa^ch the steam produced cannot condense. 
Dr. Ho frnftTin has devised an apparatna* which accomplishes this in 
a very elegant manner. 

BxperlMeaC a4. — A nuitiin of two volumea of hydrogea and one Tolum« 
of oxygen is intrDduced into > U-tube (Fig. 82), th« eudiometer-tube i*, hoverer. 




?of a wider glau tube Bied over it ur tight l^ 
smjlic sloohol, a liquid boiling at 182° O., i- 



mrronnded by k jacket c< 

meaiu of corlw. The va^ _ . . y 

made to paw through the interrening ipace, and the gaaeous mixture acquire* 

thuB rapidly a temp«ratare of 132* 0, It U then expired in the unud manner. 

The two guea combiue and form water, which remaini, howerer, aa iteam, and ia 

found when the preaeure in the two limb* of the apparaloa ii equalized, to oocupy 

only two-thirds of the Tolume which the nuxtnre of hydrogen aiul oxygen occupied 

before eiploeion. 

Consequently three volumes of gas contract into two volumes. 



E 







A molecule of st«am occupying two volnmes is, therefore, made 
?, page 63. 
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np of two volumes of hydrogen and one volume of oxygen, and the 
weight of one volnme of steam must be the weight of one volume of 
hydrogen and half a volume of oxygen, or 1 + 8 = 9. The specific 
gravity of steam is therefore 9; i.e., one litre of steam is nine 
times as heavy as one litre of hydrogen gas — ^the unit of comparison 
adopted for gas volumes — and its actual weight will be found by 
multiplying the weight* of a litre of hydrogen '0896 grm. by 9 

•0896 X 9 = -8064 grm. 

A similar contraction of volume frequently takes place, when 
other gaseous mixtures combine chemically ; the resulting gaseous 
volumes are (with a few exceptions) two- volume vapours. 

Compound bodies can have no atom volume, they possess only 
molecular volumes. Hence if we wish to compare gaseous elements 
and compounds with each other, we have to adopt molecular weights, 
both for elements and compounds, as the measure of the combining 
quantities. Thus, in order to compare the volume of the element 
hydrogen with the gaseous compound body, steam, we have to com- 
pare the molecular volume of hydrogen with the molecular volume 
of steam — 

and 

Other reasons, also, to which we cannot refer here, render it 
desirable that hydrogen, when regarded in relation to other gaseous 
bodies, should be expressed as the molecule H H, or H2, and not as 
H, the atom. The same applies to other gaseous elements. Since 
the volume of a gas varies with the pressure of the atmosphere and 
the temperature, these molecular gas volumes would necessarily be 
of variable dimensions, a conception which runs counter to the idea 
we have formed of the constitution of atoms and molecules. All 
gases expand, however, under the influence of heat in the same ratio. 
For every degree of the centigrade thermometer scale above 0° C, they 
expand *3665 per cent., or, less accurately ^rs P^^ of their bulk at 
0°. The average weight of the atmosphere at the level of the sea 
is that of a column of mercury 760 millimetresf high. Now, ac- 
cording to the law of Boyle and Marriotte, the volume of a gas is 
inversely, and its density directly as the pressure which it sustains 
if the temperature remain constant. We have, therefore, no difficulty 
in reducing gases to the standard agreed upon by chemists, viz., a 
temperature of 0° C. and 760 mm. atmospheric pressure, at whatever 
temperature or barometrical pressure they may have been 
measured. 

ExAKFLB. — ^A gas volume, say 100 cubic centimetres, was measured when 

• Dr. Hofmann assigned the name crith (from Kpi9r^, a barleycorn) to the 
weight of 1 litre of hydrogen, '0896 grm. at 0** C, and 760 mm. barometrical 
pressure. 

t The student should make himself fitmiliar with French weights and 
measures. (See tables in Appendix.) 

D 2 
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the temperature of the gas was 15** C, and the atmospheric pressure 770 mm« 
What volume will the gas occupy at 0* 0. and 760 mm. pressure P 

Correction for temperature — 

loc. at O' expands into 1 + (15 x '008665) at 16® 0. 
10549^75 : 1 : : 100 : a? a? - 94*7889 cc. 

Correction for pressure — 

760 : 770 : : 94*7889 : x. Ans. = 960360 cc. 

Multiple Proportions. — ^If the conception which we have ac- 
quired of atoms be correct, it follows of necessity that only whole 
or undivided atoms can combine with each other. There is no 
reason, however, why several atoms of one element should not be 
capable of entering into combination with one or several atoms of 
another element to form a new compound. 

With the experimental data which are at present at our com- 
mand, we must content ourselves with merely stating that sulphur 
and oxygen combine in the proportion of one atom of sulphur to 
two atoms of oxygen to form sulphurous anhydride, SO2 (Experi- 
ment 20), two atoms of phosphorus with five atoms of oxygen to 
form phosphoric anhydride, PjOs (Experiment 21), carbon with 
two atoms of oxygen to form carbonic anhydride, COa (Experi- 
ment 22), and we shall hereafter have to consider many more 
instances of combination in multiple proportions of a similar 
nature. We shall also shortly learn that sulphur can combine 
with three atoms of oxygen, ana carbon with one atom as well as 
with two, that in fact several combinations are possible between 
two elements, without prejudice to the law of constant combining 
proportions by weight. 

Tbere exist scarcely any chemical elements between which at 
least two combinations could not take place, whilst there are 
many elements which can combine with others in three, four, five, 
and more proportions. As the number of atoms accumulates in 
a compound, its molecular structure becomes more and more 
complex, but the combining proportions by weight and by volume 
stand in a simple ratio to one another, and will be invariably 
multiples of the simpler combining proportions. 

Bmninary. — Law of Constant Combining Proportions. - AU 

elements combine according to constant proportions hy weight. The 
mmbers which express the respective weights of the elements so com^ 
hining are proportional wamhers. The unit of eomparlson a/x^ted 
hy chemists is the weight of hydrosen, on account of its being less tho/n 
thai of any other element. 

The smallest proportion hy weight in which an element enters into 
or is expeUed from a chemical compound constitutes its atomic weislity 
the weight of hydrogen being taken as unity. 

An atom is the smallest particle of matter capable of entering into, 
or esdeOng in a state of chemical combination. 
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A moleeiae is the smallest pa/rticle of matter cwpahle of existing 
in the free state. 

A molecule consists, except in a few cases, of at least two atoms. 
The atoms of each hind of isolated elementary matter exist, with few 
exceptions, in combination with ea^h other or a/re associated in pairs^ 
and constitute then a/n elementaiT molecule. 

The moleenlar weight of a compound isy vxith few exceptions^ 
identical with its atomic weight. 

The moleeulmr yolnine of a compound equals, with very few excep' 
tions, the molecula/r volume of hydrogen at the sams temperature and 
pressure. 

Hence the Ioav : — Equal yolmnes of all sases and yi^oiirs eontaln 
at the same temperatore and pressure an equal number of molecules, 
and the molecules of all compounds in the gaseous or vaporous condition^ 
no matter how great may be the aggregate volume of their constituents, 
occupy, with very few exceptions, one uniform voVums, when compared 
at the same temperature and pressure, viz., that of two volumes, or one 
molecule of hydrogen. 

Law of Multiple Proportions. — When two elements combine with 
each other in more than one proportion, the quantities by weight of the 
one element, which combine with a constant quam>tity of the other, are 
invariaJbly integer multiples of its smallest combining qua/ntity. 



Chaptbe VII. 
SULPHUR— Its Properties.— SULPHIDES. 

OxT0EN is one of the most widely difiiised elements in nature; 
it forms a most important constituent of a great portion of inor- 
ganic or mineral nature, and is likewise of paramount importance 
in the animal and vegetable economy. We have seen that it 
combines chemically with other elements— often with great 
energy — and that it forms compounds of a weU defined chemical 
character. 

No other element equals oxygen in this respect. Many, especi- 
ally the metals, possess only a limited combining power, and 
among the metalloids there are only two, sulphur and chlorine, 
which, if we merely consider their power of forming well 
characterized inorganic chemical compounds with other elements, 
are of like importance. 

Sulphur is at the ordinary temperature a solid body of yellow 
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colour. In commerce it is commonly obtAined in the form of 

fiawers of sulphur or roU sulphur (brimstone). 

ExpertnCBt Sft. — Flowen of lalphur can be heated otst boiling watar in 
an open Teasel, e.^., a porcelain diah, without meltinc, it mnely anlutinatei ; at 
111-6' cTfiowe'er, it loeKa to a bon^- 
like licguid, on heatine aomewhat mora 
jtninglj (to 260° or 2&>° C.) the colour 
changea to red broim, almost black, and 
the liquid becomea Tcry viacid, ao that 
the open Teaael ma; be turned upside 
doiirn without an; of the liquid ai^thur 
running out. If aulphur be heated in 
a retort (Fig. 33), Uie eame chanftea 
will be obeerred, and if the applioation 
of beat be continued longer no fuither 
change of colour ia Been, but the aulphur 
become! leaa Ttacid, and begini to sub- 
lime, and Bt about 440° C. it boile and 
diatila. The liquid aulphur ia allowed 
to drop into water. The stringa of dia- 
tiUed aulphur remain for aeveral dajv 
quite soft and elaatie. 

Salphur occurs in nature more 
or leas pure in the free siate, 
Fio. u.— DirriLLiTioii o> iDLTEDi. porticalnrlj in Tolcanic reaions, 

e.g., in Sicily and other placea. 
It may be purified by dieiillaiion* from any mineral non-Tolatile 
ingredients with which it occnra mechanically mixed. By far the 
greater quantity of salphur is, however, found in nature in the com- 
bined state, eflpecially with metals (as blende and pyrites) and with 
oxygen and metals (oa metallic sulphates). 

Heated in air, or in oxygen gas, salphnr bnrBts into Biaao at 
about 270° C, and bums with a pale bine, slightly Inminous flame, 
fonning sulphnroua anhydride (comp. Eip. 20), which is readily 
recognized by its odour. One atom of anlphnr combines inva- 
riably with two atoms of oxygen. The change may be expressed ■ 
symbolically — 

8 + 0, = SO,, 
32 by weight of Bnlphnr combine with 2x16 
12 by weight of oxygen to form 64 by weight 
of snlphnrona anhydride. It may be instmcttve b 





anhydr 
prove synthetically by a simple experiment the 
yolame composition of sulpfaurons anhydride. 

BXF«riB«Bt sa.— FiU a glasa Baak, beat a litre flaak 

(Fig. 3*), OTcr mercury, with ^ oiygen gaa. Introduce a 

piece of sulphur, placed on a email iron cup fastened to an 

iron wire, and ignite the aulphur within the flaak bj meana 

.^..l"''' concaTe mirror and aunlight. The aulphur can onlj 

EOi. bum at the expenae of the oijgen. It forma, aa we already 

• This chemical operation effects the separation of a Tolatile from a lea* 
volatile or fixed body. The distilling apparalua must be proTided with a nmrfniw 
if the Bubalance bewmea Taporized at a low temperature. The product of tha 
diatillatioD, caUed HHiUtOe, ia oolleoted in a receiTsr. 
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know, sulphurous anhjdride. The bulk or yolume in the flask remained the 
same — no expansion or contraction took place. 

This proves that salphnrous anhydride contains its own bulk of 
oxygen. 

Now the weight of snlphnrons anhydride gas compared with 
atmospheric air has been carefully determined. It is 2*247, air 
being 1. If we deduct, therefore, fix)m the weight of one volnme 
of the gas (represented by the number which expresses its specific 
gravity compared with air, viz., 2*247), the weight of its own bulk 
of oxygen (density 1*106), we must obviously get the weight of the 
sulphur contained in the same volume of sulphurous anhydride 

Weight of one volume of sulphurous anhydride 2*247 

oxygen 1*106 



» 



>i 



1*141 

A figure which pretty closely expresses the weight of i volume 
of sulphur vapour (the specific gravity of gaseous sulphur being 

2*21, as compared with air), viz., -— — = 1*105. 

Half a volume of sulphur vapour cannot, however, enter into 
chemical combination, any more than half atoms can exist ; and we 
get, therefore, by doubling the volume proportions — 

1 volume of sulphur vapour and 

2 volumes of oxygen, gas; 

which we may express thus — 






The molecular weight of SOa is 32 + 16 X 2 = 64 and 1 litre 
must weigh 32 times as heavy as 1 litre of hydrogen or 32 x 0896 
grm. = 2*8672 grms. 

Nearly all metals are capable of uniting directly with sulphur, 
when heated with it, or when the vapour of sulphur is passed over 
the ignited metal. The metal mercury alone combines with sulphur 
in the cold, on account of its being a liquid at the ordinary 
temperature. 

Sulphur forma with Metals Sulphides, 

Kxperiment S9. — Cupric sulphide may be formed by heating together 
sulphur and copper turnings in a flask (Fig. 36). The sulphide so obtained is a 
black hard substance insoluble in water — 

Cu + S = CuS. 

Native copper sulphides are found in CJomwall and other places. 
Kxperiment S8.— Heat in a test-tube (Fig. 36) a little sulphur till the 
sulphur yapour fills the greater part of the tube, then introduce finely-granulated 
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]Md or tin, Id nnall munfitiei at » time, aoA heat it still more. Combinktioii 
between the mebtl uid the ndphur takw plaoe. A nllpbide of lead or tin i> 
finmed ■ccording to the equation* ; — 

Pb + S = PbS 

Sn + Bt= SnSi, 





i-crjrstaUice, dull-black 



Lead is fonnd in n&tare cliiefly in combmation with pnlplmr as 
Galena, PbS. Tin occurs most freqnentlj as oxide, bat likewise as 
snlpliide (together with copper, iron, and zinc). 

EXDerlmeBt S>. — A thin plate of irrought-irDii (not coet-iron) ii heated 
orer a Bunsen tamp to nhite heat, and the heated part rubbed orer with a 
jneee of roU-mlphur. Combination between the metal and ^e aulplior takes 
^aoe. A feiTOiu sulphide peels oW, and the plate appears as if burnt through. 
Vba sulphide is black and insoluble in wat«r — 
Fe -h S c> FeS. 

The natDTBiI compounds of salphnr and iron, such as iron pyritet, 
are of considerable interest. 

Experiment 40.— When iron pjrites, FeSj, is heated in a test-tube or a 
piece of combustion -tube closed at one end, out of contact with the air, it parts 
with one-third of its sulpbor. The change is expressed bj the equation' — 

SFeS, - S, 4- Fe^,. 
The sulphur sublimes and condenses in the upper port of the test-tube or 
ignition-tube, in orangOMXiloured drops, which sMidifj on cooling into jellow 
mates of solid suiphur. 

Experiment 41. — One part by weight of sulphur and about ili parts by 
weight of mercury (i. a., atomic weights of sulphur =• S2 and of merCQ^ir — 200) 
are rubbed together in a mortar. The little globules of mercurj gradually dii- 
ippear and a block powder is obtained. A partial combination takes plaoe when 
e mercury and sulphur are rubbed tocether for seTeral hours. As rubbing 
t, however, unite mercury andeulpbur thoroughly, the black mass is 
"*"' ~ 1 porcelain diah ot oracible, whan furOer ohemioal oombiua- 



eaationaly heated ii 
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tion takes place with Blight explosions, a clear instance of the difference between 
mere mechanical mixture and chemical combination. Mercury and sulphur 
form mercuric sulphide. A similar reaction takes place when sulphur is meit-ed, 
and five to six times its weight of mercury gradually stirred into it, till the 
sulphur begins to get yiscid. Combination takes place accompanied by a flash 
of light and a slight report, and not unfrequently some of the mixture is violently 
ejected from the crucible. The mass which is left is dark red. When cold it 
may be pulverized, and on mixing it with a little sulphur and heating in a flask 
with a long neck loosely closed with a conical piece of charcoal, the mercuric 
sulphide sublimes as a fine red powder, called cinnabar. 

Cinnabar is also found as a mineral. It is insoluble in water. 

Sulphur combines likewise with Metalloids. 

The compound which it forms when burning in air or oxygen, 
VMf., sulphurous anhydride g^js, has already been noticed. Another 
gaseous compound of sulphur is of great importance, viz., the com- 
pound which it forms with hydrogen, called sulphuretted hydrogen, 
or hydn'c sulphide. These two elements combine^directly with each 
other ; but only under exceptional conditions. 

Ezperlment 42. — Treat some ferrous sulphide* — (or any other sulphide of 
the same group of metals,) — with dilute hydrochloric acid or sulphuric acid in a 
generating flask (Fig. 37). A colourless gas is evolved possessing a most foetid 
odour — 

FeS + 2HC1 = FeClj + SH,. 

Sulphuretted hydrogen may be collected over 
tepid water. It is a combustible gas, for 
as soon as a lighted taper is brought into con- 
tact with it, the gas bursts into flame and 
bums (where it is in contact with the air) 
with a fine blue flame. The hydrogen is 
burnt or oxidized into water — 

O + H, = OH2, 

and the sulphur into sulphurous acid gas — 

S + Oj = SO2, Fio. 87.~pmBPAftATioN or axTLPHumBrrxD 

HTDBOOXN. 

the presence of which makes itself rapidly 
perceptible by its pungent and suffocating odour. 

When sulphuretted hydrogen is inhaled in somewhat large quan- 
tities it acts like a poison. Small animals die in an atmosphere con- 
taining as little as tVott ^ ttVo ^^ *^ poisonous gas. It is found 
wherever decomposition of organic compounds containing sulphur 
takes place, e.g., in sewers. Cold water absorbs from 3 to 4 times its 
volume of this gas ; and a solution of sulphuretted hydrogen in water 
forms one of the most important reagents in the laboratory. It is, 
however, rapidly decomposed when left in contact with air, finely 
divided white sulphur being precipitated. 

If we examine into the combination by volume which took place 

• Native iron pyrites (FeSj) cannot be employed, because it is not acted 
upon by dilute hydrocliloric or sulphuric acid. The ferrous sulphide (PeS) is 
prepared by fusing in a Hessian crucible, heated in a fire, a mixture of 7 parts of 
iron filings or turnings and 4 parts of sulphur (t. e., atomic weights of iron = 56 
and sulphur » 82), 
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between snlphnr and hydrogen, we have no difficnltr in recognising 
a. resemblance between the conatitntion of water, OH), and that of 
Bolphnretted hydrogen, SH,. The latter gas may in feet be viewed 
as Bnlphnr water, or water in which the atom (or volnme) of oxygen 
has been replaced by an atom (or volnme) of salphur. 



E 



H 







Ita molecular weight is 32 + 2 = 34. One hire of snlphnretted 
hydrogen compared with the Tolnme nnit (one hire of hydrogen) 
weighs 17 times as much, or 17 x -0896 = 1-5232 grm. The 
specific gravity of snlphnretted hydrogen compared with hydrogen 
is therefore 17, and when compared with air 1-199. 

The great affinity which metals possess for snlphnr enables ns to 
separate most metals from their saline solntions in the form of 
sulphides. 

ExpcrtllMBt 4S> — DLuolTe a tew crjBtala of tlie following well-known aalta 
in dialilled v>ter (Nilutions 2 and S, with the addition of a little ammoiiia), 
mud pau nilphuretted hydrogen gaa through their solutions, uiing teat-tulMa 
or bottlei fitted with doubly-perfonted oorkg (Fig. 38). 




F» IS. 



1. Blue Titriol (or cupric sulphate) 

2. White Titriol (or iincic sdphate) 

3. Green Titriol (or ferroui aulphate) 

4. Suf^r of lead (or pliunbio acetate) 

6. Bpwjm salt 



B«tii]t 
a black precipitate. 
a white precipitate, 
a black precipitate, 
a black precipitate. 
no precipitate. 
no precipitate. 



The tulphnr of the mlnhuretted hydrogen oonibinM instantaneouBly with the 
metal aiid fbno* a inetallia tolpbide — (1) Cuprie nilphide, OuS ; (2) Zinoio tol- 
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pbide, ZnS ; (8) FenouB sulphide, FeS ; (4) Plumbic sulphide, PbS, whilst the 
metals aluminium in alum, and mafip[ie0ium in Epsom salts do not possess sufficient 
affinity for sulphur to form a sulphide in the wet way. 

Most metallic sulphides (the alkaline snlphides excepted) are 
either insoluble or with difficulty soluble in water ; and it is obvious, 
therefore, why a precipitate appeared, as soon as the sulphur of the 
sulphuretted hydrogen combined with the metals copper, zinc, iron, 
or lead. 

Solution^ precipitation. — We have just seen that bodies may be 
dissolved in water, forming what is termed a simple solution. The 
liquid in which the solution is eflTected is termed a solvent Water 
(distilled) is most fi^uently employed for this purpose ; other sol- 
vents, e.g.f alcohol, ether, chloroform, etc., are occasionally but rarely 
employed. A finely-divided substance dissolves more readily than a 
coarse powder or a crystalline body; it also, with 
very few exceptions, dissolves more rapidly and 
to a greater extent in hot than in cold water. 

A solid body can be recovered fix)m its solu- 
tion by evaporcUion, This may be effected by 
heating the solution in a porcelain dish over a 
water-bath (Fig. 39) or over the bare flame, 
by so regulating the heat as to prevent loss by 
spurting; or it may be recovered by modify- 
ing or removing the solvent ; NaCl, e.g., which 
is soluble in water, is precipitated on the addi- 
tion of concentrated hydrochloric acid ; calcic ^***' ' 
carbonate dissolved in carbonic acid by the removal of the gaseous 
solvent on boiling ; or, lastly, by the sudden conversion of the liquid 
into a solid body by the action of another body, induced by greater 
chemical affinity, one substance remaining in solution as a general rule. 

The body which is precipitated is termed the precipitate. It 
generally sinks to the bottom of the glass vessel (test-tube, etc.) on 
account of its greater specific gravity. Stirring, as well as the appH- 
cation of heat, frequently promotes the subsidence of the precipitate. 
We speak of pulverulent (or amorphous), crystalline, flaky, curdy , 
gelatinous precipitates, according to the appearance which they 
present. This and the colour of a precipitate assists materially 
in identifying a body. 

The body which precipitates another body is called the preci- 
pita/nt, 

QUESTIONS AND EXERCISES. 

1. How does sulphur occur in nature ? 

2. What are the properties of sulphur — Ist, at the ordinary temperature ; 2nd, 

when heated to 111'' C. ; 3rd, at a temperature of 250-260> 0. P 

3. Define a metallic sulphide. 

4. Explain what changes take place when sulphur is heated, 1** out of contact 

with the air, and 2* with free access of air. 
6. In what proportions by weight does sulphur combine on ignition with 

oxygen, and what will be the yolume weight and the molecular weight of 

the product of combustion ? 
6. How would you explain the fiict that no contraction of yolume takes place 
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when gulplinr and oiygeu combine, tnd bow does a kaowled^e of the 
dsDsitj of ox jgen uid lulphuroua anhydride, u compared with ur, enable 
jou to proTe the Toliimo compoBitioD of HOt P 

7. Biplaiu the tenru roll tulpkur or brinuloiu, fioatrr of tulphur, dirtilltd 

lulpiur, coppar pgrilet, galata, iron pj/rilei. 

8. How is cLnDsbar prepared r 

9. Describe the preparation of sulphuretted hydrogen from feiroiu mlphide, 

and ilMe brieSjr ita propertiei : gire equationa. 

10. What are the products of the combiutiim of eulpbuntted hydrogen in airt 

Ezpreaa the changeB by equations F 

11. What change does a wlution of sulphuretted hydrogen in water nndergo 

when eipoied t« air ? 

12. How would you extract sulphnr from iron pyrites T 
18. Calculate the percentage composition of SEf. 

II, State whether the atomio weight* of SH] and SOi ar« identiMl with this 

molecular weights. 
16. What is the density of S0| and BH, compared with hydrogen, and what is 

the weiriit in gnns. of one litre of the respective ^aww f 

16. How would you demonstrate eiperiment^j the action of SH) upon different 

saline soIutioaB, such as a solution of sugar of lead, blue and green 
ritriol, etc. F 

17. Ton ha>e giroQ to you iron filings, flowers of sulphur, and dilute hydro- 

' ohlorio acid : describe accuiately the different chemical changes which, in 
your opinion, can be produced with these materials. 
IS. State bow joa would purify a sample of rovgk nUphur containing &om three 
to four per cent, of earthy impurities. 



Chapibs VTII. 
CHLORINE, Ita ProperUea.— CHLORmZS. 

SXpcrlment 44.— When a well known mineral called blaet oxid« of was- 
ganete, HnO], compoeed of one atom of the metal manganese and two atoms of 
oxygen, is gently heated with concentrated hydrochloric acid in a generating 
flask (Fig. 40), a yellowish green gu, called cUorijie,'' is CTolTed, which cannot, 
eren whrai largely diluted with air, be inhaled without danger, on account of its 




• From x^P^Si yellowish green. 
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hiehlj poisonous nature, and the blaclE oxide of manganese dissolves to ajellowish 
coloured liquid, containing manganous chloride, MnCls. The reaction takes place 
in two stages— 

1. MnOj + 4HC1 = MnCl4 + 20H:a 

2. MnCli ^ MnClj + Cla- 

Chlorine gas, like hydric sulphide, is soluble in water, and a solution of 
chlorine may be obtained by passing the gas for some time into cold water. The 
gas can be collected over warm water in a pneumatic trough, as seen in Fig. 41, 
or it may also be collected by displacement, t.«., the delivery-tube is passed to 
the bottom of an upright glass cylinder, or test tube, till the whole of the cylinder 
is filled with the yellowish green ma. The lighter air is gradually lifted out of 
the cylinder by the heavier chlorine. The operation of collecting a highly 

goisonous eas like chlorine must be carried on in a well ventilated closet, 
ylinder after cylinder may thus be fiUed with chlorine. Absolute displacement 
of the air is not possible, nor is it of much consequence. The edge of the 
cvlinder is slightly greased, and a glass plate, when gently pressed down upon 
the opening, efiectually shuts in the gas. 

Chlorine gas is considerably heavier than air, its specific gravity, 
compared with air, is 2*46, or = 35*5, when compared with 

hydrogen gas. 

1 litre of chlorine gas therefore weiglis 35*5 criths, or 35*5 x 




•0896 grm., = 3*1808 grm. It is a two volume gas 

and its molecular weight is 2 x 35 '5 = 71. 

Experiment 4K. — ^Introduce into a cylinder charged with chlorine gas, 
flowers of various colours, a strip of litmus-paper, a piece of moistened co^n 
print, printed and written slips of paper, and cover over with the glass plate. 
The colours of the flowers disappear; violets, ex. gr., become quite colourless; the 
cotton print is turned white ; the ink acquires a reddish-brown appearance ; the 
printing ink alone, or the finely divided carbon which it contains (lamp-black) 
remains unaffected. 

This proves, then, that chlorine is a powerful bleaching agent 
Hence its application in the arts and manufactures. Linen and 
cotton goods are bleached by the agency of chlorine, and paper pulp 
is rendered white. Silk or woollen stuffs, however, cannot be 
bleached by chlorine, because the fibres of these fabrics are destroyed 
by it. Chlorine water bleaches equally well. 

A solution of chlorine in water is a useful reagent in the labora- 
tory. 

Experiment 46. — ^The solution is prepared by passing a current of 
chlorine gas through Woulfe's bottles, as seen in Fig. 41. The contents of the 
Woulfe's bottle nearest to the venerating flask are generally contaminated with 
some hydrochloric acid, which has been carried over by the chlorine, and are 
best rejected. A simpler method of makine a saturated solution of chlorine con- 
sists in passing the gas from the first Woulie's bottle to a retort inverted, as seen 
in Fig. 42, containing cold distilled water. 

A solution of chlorine in water has the same yellowish green 
colour as the gas itself. It becomes gradually decomposed when 
exposed to sunlight, especially to direct sunlight, as the hydrogen 
of the water goes to the chlorine to form hydrochloric acid (HCl), 
and the oxygen is liberated — 

OH, + CI, = 2HC1 + 0. 



PREPARATION OP CHLORINE WATER. 



The bleacKing action of cUorine depends upon the same chemical 
uuige ; it is an indirect procesa of oxidation. 




■xi^riMent 4f .— Plftce » burning taper in a cjlinder uid Iiold a noond 
cylinder filled witli chlorine gu to the mouth of the upright cjlinder, as wen in 
Fig. 43, The candle continue) to bum with a feeble jelloviih flame, and hearj 
clouds of amoke or aoot are w«n to sep&rate. 




A candle, whether made of paraffin, wax, tallow o , _, 

consists of carbon and hydrogen, or of carbon, hydrogen and oxygen, 
in varying proportions. The chlorine acting npon the hydrogen 
seta the carbon free in the form of solid particles or black soot, "fiiia 
then proves that the white material of which candles are made, con- 
tains carbon, and that chlorine has a stronger affinity for hydrogen 
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than for carbon. The chlorine forms with the hydrogen a binary 
compound — an acid — known as hydrochloric acid or hydric chloride. 
This can be shown by rinsing out the cylinder with a little water 
and testing with bine litmus paper. 

Experiment 48. — Powder some metallic antimony very finely and place the 
powder in a fine sieve sufficiently large to cover the opening of a tall glass 
cylinder filled with chlorine gas. Shake the sieve gently. Some of the finely 
<Uvided antimony falls through into the chlorine gas and combines with it, giving 
rise to quite a rain of fire, and the cylinder becomes filled with thick white fumes. 
The chlorine gas combines directly with the metal antimony — 

Sb + Cls = Sb CI3, 

and the chemical change is accompanied by great heat, and the phenomenon of 
Ught. 

A similar but less energetic action is observed when chlorine is 
made to act in a retort or tube of hard glass, upon metallic copper 
or zinc; only the reaction has to be started and assisted by the 
application of heat. Flashes of light are likewise given out 
during the combination of the metals with the gas chlorine. The 
compounds so formed were found on analysis to be composed of 1 
atom of the metal to 2 atoms of the gas chlorine, e.g., CuCU 
ZnClj. 

Experiment 49* — Set fire to some magnesium wire and introduce the 
burning magnesium quickly into a cylinder filled with chlorine eas. It continues 
to bum with great brilliancy in the gas. The product of the combustion of 
magnesium in chlorine is a white powder, magnesic chloride (MgClj), which on 
exposure to the air rapidly attracts moisture and liquefies. Test the liquid. It 
is neutral to test-papers. 

Bxpertment &•. — Fill a good sized stoppered bottle (Fig. 44) with dry 
chlorine gas, then introduce a few pieces of sodium cut into thin slices, and close 
the bottle with a good cork and allow to stand for 
some time. The bright metal is seen to become coated 
over after a few minutes with a white film which grows 
thicker till it peels ofi'at last. The yellowish green gas 
disappears after about 24 hours, when the greater part 
of the metal has become converted into a white pow- 
der. The cork is removed with difficulty ; because by 
the absorption of the gas by the metal sodium, a 
vacuum has been created in the bottle, and the air 
rushes in with considerable violence, as soon as the 
cork is removed. Take out the white powder. Detach 
any metal that has not been acted upon, and dissolve 
the powder in a little water. 

The solution shows no action upon either 
blue or red litmus-paper ; it is an indifferent 
or neutral liquid ; it tastes neither sour (acid) 
nor caustic (alkaline). It has the taste of 

common salt. In fact, by the combination of the metal sodium and the 
gas chlorme, we have produced co^m/mon salt, and have proved thereby 
that our common table salt — sodic chloride (NaCl) — consists of two 
elementary bodies, of sodium and of chlorine. 

Nature of Metallic Chlorides. — As all metallic chlorides, with the 
exception of the chlorides of platinum and gold, can be prepared 
like sodic chloride by the direct combination of a metal and chlorine, 




FlO. 44.— KX>MBINAIOTN OJ 
CHLOMNX AMD SODIUM. 
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they must be analogons to this well known salt, and the latter may 
be regarded as the representative of metallic chlorides generally. 
From the most remote times sodic chloride has received the name of 
sdlL and has always been known as '* the salt/' The same name in 
ite generic constnlction is now assigned to other metaUic chlorides. 
They ore distinguished from the corresponding metallic oxides by 
their reaction on vegetable colours (litmus papers). Not one metallic 
chloride possesses an alkaline reaction, the chlorides of some of the 
heavy metals giving even an acid reaction ; whilst the corresponding 
oxides have either a strongly alkaline (caustic) character, or show 
no reaction at all with litmus. 

Sodic chloride is found in nature very widely distributed. From 
one of its sources, viz., sea- water, it is obtained by evwporaiion and 
cryatallisation. The so-d^ed mother liquor (or concentrated saline 
solution from which salt has been removed by crystallisation) has 
been found to contain two other elementary bodies, bromine and 
iodine which closely resemble chlorine in their properties. They 
exist chiefly in combination with magnesium, as bromide and iodide 
of magnesium. These elements can likewise be isolated. Bromine* 
(symbol Br.), at the ordinary temperature, is a dark brownish dis- 
agreeably smelling, very poisonous liquid. lodinef (symbol I) is a 
crystaJHne substance of dark steel or deep violet colour, subliming in 
beautifxd violet vapour, when a small crystal of it is gently heated in 
a test-tube. These two elements, together with another elementary 
body, found in fluor spar, called fluorine (symbol F), (never isolated 
as yet), can likewise combine with metals, and are classed together 
with chlorine under the name of halogens or salt fanners (from 5X», 
salt, and r^ewdu, I generate). They also combine with hydrogen 
and form acids — gaseous like hydrochloric acid gas, and eagerly 
absorbed by water. These acids are called — 

Hydrobromic acid (Hydric bromide) HBr. 
Hydriodic „ ( „ iodide) HI. 

Hydrofluoric „ ( „ fluoride) HF. 

Their consideration will be reserved for the second part or the study 
of qualitative analysis. 

Chlorine combines with non-metals (metalloids) as well as with 
metals. Chemical combination takes place between them with great 
energy, mostly marked by flashes of Hght and evolution of much 
heat. Phosphorus, sulphur, and carbon form chlorides, although the 
latter element cannot combine directly with chlorine. A knowledge 
of these compounds is, however, best acquired by attending a course 
of lectures, since the explanation of the chemical changes involved in 
their formation would, to a great extent, be mere repetition of what 
has already been studied. The most important compound is that 
which chlorine forms with hydrogen. 

Expertment Kl. — A wide capaciouB flask (Fig. 45) is filled bj upward dis- 
plucement with chlorine gas. A gas-holder filled with hjdrogen furnishes a 

* From fip&noc, a stench. f From luitiQ, yiolet-ooloured. 
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itflodj Bupplj of ffu. A glBM tube bonC in the n 
drawn out to a jet, uid connected with the deliTerj-l 
rubber tubing ; the gu ia lit, ftcd the buroing jet rspidlj 
introduced into the fluk. It continues lo burn for some 
time irith a bright blue flame. The flame dies graduallj 
away ; aud on remoTing the delirorj-tube and cloiiii| 
tiie mouth o( the flaak rapjdlj with the flat of t^e ham 
or a cork, and introducing it, mouth downward, into 
cold water, and then withdrawing the hand or the cork, 
Qie WBt«r rushea into the flaak and uearlT WIU it, Be- 
more the flask by inserting the oork and test its con- 
tents with litmus-paper. The liquid reddens blue litmus- 
paper instantaneoualj. It contuns an aetii yai which is 
tagerli/ aitorbed ig iBoler. From its origin, it can only 
be hjdrochloric add gas or bjdric chloride, and the 
liquid a terj dilute hydrochloric acid solution. 

Properties of the gas. — Hydrochloric acid 
forms a colourless gas of pungent acid odonr. 
Its combining proportions by volorae may bo 
represented as follows : — 




' CI I = 2 I H ' CI I 



1 + 355 . 



i.e., 1 molecnlar voltune of chlorine gaa on combining with a mo1e< 
cnlar Tolnme of hydrogen, forms two molecular Tolnmes of hydro 
chloric acid gas. The two gases combine withont contracting. 
Combination takes place with explosive violence when a mixture of 
hydrogen and chlorine is exposed to direet gwUight, slowly only 
when left exposed to diffused daylight, and not at ail at the ordiitary 
temperatnre when placed in darkness. The specific gravity of 
hydrochloric acid gas compared with air is 1'262 and compared with 
hydrogen ■ . . = 1825, i.e., 1 litre of hydrochloric acid weighs 

^ 18'25 times as mach as 1 litre of hydrogen 

or 18-25 crithB, equal to 18-25 x 0896 grm. or 1-6352 grm. The 
molecular weight of hydrochloric acid gas is 365. It is most 
eagerly absorbed by water — one litre of water is capable of absorbing 
500 litres of gas at 0° C. Water so sfltorated fhmes in the air, the 
Taponr of the acid combining with the moisture in the air, and the 
hqnid constitates the ordinary commercial faming hydrochloric 
acid. 

Bromine, iodine and fluorine when combined with hydrogen form 
likewise acid liquids, which possess considerable interest, they will 
be considered more fully hereafter. 

As these acids contain no oxygen, like the acids with which we 
have already become acquainted^ they have been called hydrogen 
adds or simply hydTO-acide,BS distinguished from oxygen or oxy-tuads. 
Oxygen then is not the only element which caji by its combination 
with other elements form acids, as was thought at the time when this 
element was first discovered, and when it received the name oxygen 
or gen^atar of acidi. In fact, on comparing the compoonds which 
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oxygen forms with metals, such as pota^sinm or sodium (which are 
perhaps only of a basic character, since these power^l metals 
nentralize and actually overpower the acidifying properties of oxygen), 
with the compounds which potassium and sodium form with chlorine, 
it is obvious, that chlorine rather deserves to be called an acid gene- 
rator : for the compound which it forms with hydrogen ii^a powerful 
acu2, and its compounds with potassium and sodium are neutral or 
indifferent bodies, the metals obviously not being capable of over- 
powering to the same extent the acidifying properties of chlorine as 
they overpower those of oxygen. This acidifying property of 
chlorine becomes still more apparent, when we compare some of the 
chlorides of the heavy metals which are strongly acid, with the 
corresponding oxides which are mostly quite indifferent bodies. 

QUESTIONS AND EXERCISES. 

1. How is chlorine prepared? Give equations. 

2. Describe briefly the properties of chlorine. 

3. Explain the bleaching action of chlorine. 

4. State how chlorine water becomes decomposed when exposed to sonlight. 

6. Define a metallic chloride. Describe instances of the direct combination of 
chlorine with metals. 

6. Show in what respect metallic chlorides differ from metallic oxides. 

7. Explain the meaning of the terms chUyrme, hronUne, iodine, and fluorine. 

8. Enumerate briefly the distinguishing features of chlorine, bromine, and 

iodine. 

9. Explain the terms halogen, hydro-acidf hydric chloride. 

10. How is hydrochloric acid gas prepared, and what are its most characteristic 

properties? 

11. What is the volume weight and the molecular weight of chlorine and of 

hydrochloric acid gas? 

12. What is the weight of one litre of Gl and of a litre of HGl in grammes ? 

18. You have given to ^ou black oxide of manganese, concentrate hydrochloric 
acid, and metaUic antimony ; state what chemical changes you can produce 
with these materials. 

14. The density of hydrogen gas compared with air is *0693, that of chlorine gas 

2*46 ; find, from these figures, the atomic weight of chlorine. 

15. Calculate the percentage composition of HCl and of NaCl. 



Chapter IX. 

APPLICATION of the THEORY of CONSTANT 
CHEMICAL COMBINING PROPORTIONS. 

Symbolic formnlaB have hitherto served^— 

Ist. To represent bodies, elementary or oomponnd. 

2nd. To illustrate, in the briefest manner, the play of chemical 

affinities, the breaking np of existing chemical compounds, 

and the building up of new bodies. 
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They serve, however, another and most important purpose, for 
they also bear, as has been abready remarked (Chapter YI), the 
impression of the respective atomic weights of the element or com- 
ponnd body which they denote. 

Equations illustrating chemical changes express likewise the 
relative qiiantUies of the elements which form the compounds acting 
upon each other, or which take part in the changes, and hence they 
furnish the basis for qv^cmtUative chemical calculations. Thus, the 
formation of cupric oxide by the action of oxygen on copper is 
expressed by the equation — 

Cu -h = CuO 

which conveys to the mind at the same time the idea that one atom 
of copper combines with one atom of oxygen to form the molecule 
cupric oxide (the atomic weight of copper being 63*5, that of 
oxygen 16) ; and our equation tells us, by a process of simple substi- 
tution, that 16 parts by weight of oxygen combine with 63*5 parts 
by weight of copper, and that the two together must form 79*5 parts 
by weight of cupric oxide. The symbolic equation is thus tran- 
scribed arithmetically — 

63-5 -h 16 = 79-5 

and it is easy to calculate the quantities of copper and oxygen in- 
volved in the formation of a given quantity of cupric oxide, and the 
quantity of cupric oxide obtained from known quantities of copper 
and oxygen. 

Questions such as the following will now readily be answered by 
a mere calculation of rule of three : 

1. How much Cu combines with a given quantity of ? 

2. „ „ „ Cu? 

3. „ CuO can be formed from „ Cu ? 

4. „ Cu is contained in a >? CuO? 

5. „ „ „ CuO? 

If we wish to know — 1st, how much cupric oxide, CuO, we can 
get by the oxidation of 100 grains of copper, we have — 

63-5 : 79-5 : : 100 : x. 

Atomic weight Atomic weight of 
of copper. cupric oxide. 

Ans. = 125-19 grs. of CuO, 

2. How much copper is left when 100 grains of cupric oxide, 
CuO, are reduced in a current of hydrogen gas ? 

79-5 : 63-5 : : 100 : «. 

Atomic weight Atomic weight 
of cupric oxide. of copper. 

Ans. = 79*87 grs. of Cu. 

E 2 
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S. How mnch merctuy, Hg, is required to form 20 grms. of 
mercnrio oxide, HgO P 

216 : 200 : : 20 : a>. 

Atomic weight Atomic weight 
of HgO. ofHg. 

An8, 18*51 grms. 

4. How mnch iron, Fe, has to be taken to prodnce 100 lbs. of 
ferrous sulphide, FeS ? 

88 : 66 ; : 100 : x. 

Atomic Atomic 

weight of FeS. weight of Fe. 

Ans. 63-63 lbs. 

5. How much ferrous sulphide can be obtained by the combina- 
tion of iron with 50 lbs. of stdphur ? 

32 : 88 : : 50 : {B. 

Atomic Atomic 

weight of S. weight of FeS. 

Ans. 137-5 lbs, 

6. How much hydrogen by weight, and by volume (in litres), is 
required to reduce 25 grms. of cupric oxide, CuO, to metallic 
copper P 

79-5 : 2 : : 25 : a>. 

Atomic weight Atomic weight 
of OuO. of two atoms 

ofH. 

Ans. -6289 grm. ofH. 

On dividii^ "6289 grm. by the weight of one litre of hydrogen, 
measured at and 760 mm. barometrical pressure, viz., '0896 grm., 
or a crith, we obtain the number of litres of hydrogen gas at the 
same temperature and pressure — 

'^^ Ans. 7*01 Utres ofH. 
•0896 -^ 

7. How much sulphurous anhydride, SO2, is obtained by the 
combustion of 10 grms. of sulphur in oxygen gas — 1st, by weight ; 
2nd, by volume (litres) ? 

32 : 64 : 10 : «. 

Atomic Atomic 

weight of S. weight of SO9. 

Ans. 20 grms. of 80%. 
The volume weight of SOa is 32 criths, or 2*8672 grms. and by 
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diyiding tlie total weight of snlplinroTis anhydride obtained, viz., 20 
grms. by the weight of one Ktre of the gas, we have — 

^^ = 6-975 lUrea of 8O2. 



2-8672 



8. How much chlorine gas by weight, and by volume, can be 
obtained by the action of excess of hydrochloric acid on 16 grms. of 

. black manganic oxide, MnOa P 

87 : 71 : : 16 : flj. 

Atomic The weight of 
weight of a molecule 
BinOs. of chlorine. 

Ans. 13-057 grms. of OL 

Now one litre of chlorine weighs 35-5 criths, or -0896 x 35*5 
= 3-1808 grms. 

---— r-TT = 4*104 litres of chlorine gas. 
3-1808 -^ ^ 

9. When carbon is burnt in oxygen gas it forms carbonic anhy- 
dride gas, COa. How much carbonic anhydride by weight, and by 
volume, can be obtained by thus burning 15 grms. of carbon p 

12 : 44 : : 15 : a;. 

Atomic Atomic 

weight of 0. weight of 00^. 

Ans, 55 grms, of 00%, 

One litre of carbonic anhydride gas weighs 22 criths, or '0896 X 
22 = 1-9712 grm. 

55 
and - — ==-- = 27'90 Utres of carhonio anhydHde gas, 

10. How much hydrogen and oxygen by weight and by volume 
can be obtained, by electrolysis, from 10 grms. of water P 

18 : 2 : : 10 : X- 

Atomic Weiffht of 

weight of OH3. mol. of hydrogen. 

Ans, 1-111 grms. ofH., 
8-889 grms, of 0. 

One litre of H weighs '0896 grm., hence — 
1-111 



•0896 



= 12-4 litres of hydrogen gas. 



One litre of oxygen weighs 16 times as much as one litre of 
hydrogen gas, i.e., 0896 X 16 = 1-4336 grm. 
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§1§?^ = 6-200 Htres of oxygen gas. 
1*4336 

11. Given five litres of chlorine gas, how mncli metallio 
Bodinm is required to convert i^e whole of the chlorine into sodic 

chloride ? 

Ans. lO'ZOi grms. of Na. 

12. 15 grms. of ferrons sulphide are treated with dilute hydro- 
chloric acid : how much SHa by weight, and by volume, can be ob- 
tained theoretically therefrom ? 

Ana, 5*795 grms, by weigktf omd 3*804 Utrea of BH%. 



CnAFTEB X. 

ATOMICITY OB QUANTIVALENCE OF ATOMS. 

AccoBDiNQ to the law of multiple proportions, atoms can combine 
with atoms in more than one proportion, t.e., one atom with two, 
three, four, or more other atoms. 

Some few metals and metalloids can form only one oxide, sulphide, 
chloride; others two or more. Thus we have seen that binary com- 
pounds, such as : — 

FeO. FeS. FeCl,. 

MgO. MgS. A%C1,. 

CuO. CuS. CuCla. 

ZnO. ZnS. ZnCl,. 

are comparatively simple bodies. In fact, the number of atoms in the 
higher binary compounds of mineral or inorganic origin can mostly 
be expressed by the ^lultiples 3, 4, 5. 

We have seen (Experiment 46) that under the continued influ- 
ence of sunlight, chlorine, water is decomposed into hydrochloric 
acid, which is absorbed by the water, and oxygen; and that for every 
two volumes of chlorine gas, when placed over water, one volume 
of oxygen will be found after some time. Two atoms of chlorine 
exert therefore the same combining power as one atom of oxygen. 

Experiment 2 has demonstrated that the action of dilute hydro- 
chloric acid on zinc liberated hydrogen, whilst the chlorine remained 
combined with the metal zinc, forming zincic chloride. We have 
. since seen that hydrogen and chlorine in hydrochloric acid gas are 
cotnbined in equal volumes : — 
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H + = E3 



ooneeqnentlf we know that for every molecule H H of the 
liberated hydrogen gaB two ToloineB (two atoms) of chtorine remain 
in combination with the metal zinc, aad that therefore two mole- 
onles of hydrochloric acid must have token part in the reaction — 

Zn + 2HC1 = ZnCl, + H,. 

Zincic chloride has the composition ZnCl] ; one atom of zinc accord- 
ingly poBaeBses the chemical combining power of two atoms of 
hydrogen, and two atoms of chlorine are of the same chemical 
combining value aa one atom of oiygen (comp. Eip. 12) ; they 
are in fact equivalentic. The aame holds good for other metals, 
such aa calcium, iron, manganese, copper, mercary, i.e., they all 
unite with the same nomber of atoms of chlorine, viz., two. 

Hzperiment 1 has shown that the metal sodium doconiposes 
water by taking the place of the hydrogen therein. Chlorine ia 
Gzperimeat SOalso combined directly with the metal fonaing common 
salt, NaCl, a componnd which is in every respect analogous in coi(- 
Btitation to hydrochloric acid, HCl. Sodic chloride can be readilv 
prepared by the decomposition of this acid by meaoB of sodinni) 
bydrogen being evolved. 

Bxperldient BS. — Heat a Uttle concentrated hydrochloric add in a flask 
(Fig. 46) i it ctoItcs abuDdance of hydrochloric acid gai, which miut be dried 
by patting it through a WoiiUe'i bottle containiog lumps of pumice-ttone 




foaked m eonomttBted golpbiiric acid. Collect the dr; ne in a narrow cylinder 
Orer marcurj, ai Been in Fig. 46, and mark the lerel of the iiiercurj column by 
meMli of a niuUl india-rubber ring. If a pellet of »odium (or a lump of ■odium- 
amalpm) be now paiaed up into the gai and the tube be gentlj agitated, the gu 
volume will be seen to iljiniiiUVi , and after a time will have oontracted to one* 
half. On axamining the remaining gu, it is found to bare all the propeitiei of 
hydrogen. 
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This proves that two volumes of dry hjdroohlorio acid gas (or a molecular 
Tolume) contain equal rolumes of hydrogen and chlorine. The metal sodium 
combined with the chlorine, leaving tne hydrogen in the free state. 

One atom of sodium possesses then the same chemical dis- 
placing power as one atom of hydrogen, and two atoms of sodinm 
mnst be required to combine with one atom of oxygen (in the same 
manner as two atoms of hydrogen were required to combine with 
one atom of oxygen in water), and the formula of the resulting 
Bodic oxide must therefore be written — 

NaaO. 

The same holds good for several other metals, viz., potassium, 
silver ; and the respective formulas of the chlorides, and oxides of 
these metals are therefore— 

NaCl. NaaO. 
KCl. KaO. 

AgCl. AgaO. 

Other metals again combine with 3, 4, 5, or 6 atoms of chlorine, 
or 1-j^, 2, 2^, and 3 of oxygen ; such as the metals gold, tin, anti- 
mony, chromium. Their respective oxides and chlorides are thus 
written — 

•AuCla. AuaOj. 
SnCU. SnOj. 
SbOU. SbiOfi. 

CrO,. 

AuOii and SbOa^ being inadmissible for reasons already stated. 

Sulphur forms with metals compounds almost precisely analogous 
to those which oxygen forms. 

In order to mark the binding capacity or atom-fixing power 
(called atomicity or quantivalence) of the various metals, six divisions 
have been adopted by chemists, of which the following metals may 
be regarded as the representatives : — 

Na, Mg, Au, Sn, Sb, Or. 

A metal which combines with 1 atom of chlorine is monovalentic 
or moiiadic ; other metals which combine with 2, 3, 4, and 5 atoms 
of chlorine (or in the place of 6 of chlorine with 3 of oxygen), are di-y 
trt'y tetra-, pentO', and hexO'VcUentic (from valere — ^to be of value), 
shortly called monads , dyads, triads, tetrads, pentads^ and hexads. 
Elements with an odd number of bonds are called by Dr. Odling 
perissads (from irepioooR, uneven, odd) ; whilst those with an even 
number are termed artlads (from apno^, even). 

• When the molecule of a compound contains more than one atom or com- 
bining proportion of an element, a coefficient is placed t^ter the symbol of the 
flement. 
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Oxygen, we have seen, is combined in water with two atoms of 
liydrogen : it is therefore diyalentic, or one atom of oxygen is eqni- 
yalent to two atoms of hydrogen. Sulphnr in sulphuretted hy^b- 
gen is diyalentic ; and one atom of sulphur is equivalent to two 
atoms of hydrogen. 

Boron combines with three atoms of chlorine to form boric chlo- 
ride, BCls. Carbon combines with four atoms of hydrogen to form 
marsh-gaa, GEL^, one of the constituents of coal gas. Pentavalentic 
elemento are the elements constituting the nitrogen group, N,P,As, 
and Sb. 

Hydrogen is thus called upon to perform fresh fiinctions, for it 
foims also the unit of the binding or atom-fixing as well cw atom-dis- 
placing power inherent in every elementary body, as it already con- 
stituted the unit of atomic and volume combination. This atom- 
fixing power of elements is well illustrated whenever elements com- 
bine directly with hydrogen; as when oxygen attracts to itself two, 
nitrogen three, or carbon four, atoms of hydrogen. 

It must not be supposed that in the absence of metallic com- 
pounds with hydrogen, the combining capacity of metals (and non- 
metals) for chlorine — the equivalent for hydrogen — ^has been the 
only criterion for determining the atomicity or quantivalence of the 
different elements. Comparatively modem discoveries in the che- 
mistry of organic bodies, in which metals are combined with a certain 
number of atoms of the organic analogues of hydrogen, methyl, 
ethyl, etc., have but recently introduced this method of determina- 
tion. The coefficients of atomicity are, moreover, not yet deter- 
mined experimentally for all metals, and we have in many cases 
to assume them by reasoning from analogy only. But whilst the 
atomicity of many elements must still be considered as provisional, 
and open to revision, yet the system of classification founded upon 
atom-fixing power has so much simplified the study of chemistry, 
that its introduction, even in its present incomplete State, into text 
books, cannot fail to recommend itself strongly to the student, as it 
supplies him with a generalisation which greatly facilitates the 
comprehension of chemical phenomena. Moreover, the doctrine of 
atomicity is in strict harmony with the atomic hypothesis. 

We connect, then, with atoms not merely the notion of indivisi- 
bility and a definite relative atom- and volume- weight, but likewise 
varying degrees of inherent affinity and a capacity of fixing or dis- 
placing a definite number of other atoms. Thus the atomic theory 
gains m importance as it gains in extent. 

Symbolic representation of the powers of Atoms infixing or displacing 

other Atoms. 

We represent to ourselves atoms as the smallest possible par- 
ticles of matter, and in the absence of any experimental evidence as 
to their form may, for the sake of convenience, view them as spheres. 
We explain chemical combination between two elements as arising 
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from the intimate union which takes place between their atoms, 
owing to the chemical afi^itj peculiar to each individual atom. If 
an atom exhibits an affinity by which its atom-fixing power becomes 
exhausted by combining with an atom of another element whose 
atom-fixing power equals that of hydrogen, taken as unit, it is 
manifestly a monovcUentic element or a monad, — it can bind or 
satisfy only one affijiity. The atomicity of an element such as 
hydrogen or chlorine may be represented graphically, thus :— 

Monad Atom H- Molecule H-H. 

„ CI- „ Cl-CL 

An atom of an element like magnesium, capable of fixing two 
monad atoms of chlorine, would then have to be represented gra- 
phically, thus : — 

Dyad Atom -Mg- 
An element capable of fixing 3 atoms of chlorine, thus : — 

Triad Atom B 

I 

An element capable of fixing 4 atoms of hydrogen, thus : — 

Tetrad Atom _C— 

I 

An element capable of fixing 5 atoms of chlorine, thus : — 

Pentad Atom — P— 

I 

An element capable of fixing 3 atoms of the dyad oxygen, thus : — 

HexadAtom vSv or "",,"" 

"^ I ^ II 

Symbolic notation conveys the same idea if we employ dashes, 
and for the higher atomicities Roman figures placed to tne right- 
hand side slightly above the symbols, thus : — 

Hydrogen. ... H* (written mostly without the dash). 

Oxygen O" 

Boron B'" 

Carbon C*^ 

Phosphorus . . P^ 

Sulphur S^ 

Other modes of graphic representation would answer equally well 
and have actually been used for this purpose, thus : — 



= molecule HH, or ClCl, HCl, NaCl, AgCl. 
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-hT+ 



+-H- 



Hr+T-* 



I I I I I I I 



= molecule OHa, or SHj, 0Ag2, OKj. 



= molecole CuO, or HgO. 



= molecule AnCls- 



= molecule CH4, or SnCU. 



= molecole SO2, or CO2. 



This method of graphic representation possesses the advantage of 
setting forth in a marked manner the qnantivalence of atoms as 
well as their molecular combining conditions. The second formula, 
e,g.j shows at a glance that two atoms of hydrogen are combined 
with one atom of oxygen, and that, therefore, the atom oxygen is 
equiyalentic to two atoms of hydrogen. Formula 5 shows in like 
manner that four atoms of hydrogen are combined with one atom of 
carbon, and hence that this latter element is equivalentic to four 
atoms of hydrogen or chlorine. 

At the same time this graphic representation is liable to mislead 
if the idea be entertained for a moment that an atom of carbon is 
four times, or an atom of oxygen twice as large as an atom of hydro- 
gen or chlorine; and as no graphic representation whatever can 
daim to elucidate " either the shape or size of an atom or moleoide, nor 
the relative position of the constituent atoms of any chemical com* 
poundj^* it will suflBLce if we simply link together their symbols 
by short connecting lines, in order to indicate their atom-fixing 
capacity. 

Thus we write : — 

CI— CI 

H— 0— H 
• 
In the following table, taken firom Dr. Frankland's "Lecture 
Notes," page 32, will be found the 36 most important elements, 
classified according to their atomicity or respective quantivalence. 
Metalloids are printed in italics. The different classes are again sub- 
divided into sections, representing elements closely resembling each 
other in their chemical character : — 
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Monads, 


Dyadi, 


TriadB, 


Tetrads, 


Pentads, 




or 


or 


1 or 


or 


or 


or 


Honovalentic 


Diyalentic 


Tiivalentlc 


Tetrayalentio 


Pentayalentic 


Hezaralentio 


Elements. 


Elementa. 


Elements. 


Elements. 


Elements. 


Elements. 


1st Section. 


1st Section, 


1st Section. 


1st Section. 


1st Section. 


IH Section. 


Sydrogen. 


Oxygen. 


Boron. 


Carbon. 
Silicon. 


Nitrogen. 
Phosphorus. 


Sulphur. 


%nd Section. 


2nd Section. 


2nd Section. 


Tin. 


ArBenio. 


2nd Section, 


Fluorine. 
Chlorine, 


Barium. 
Strontium. 


Gold. 


2nd Section. 


Antimony. 
Bismuth. 


Chromium. 
Manganese. 


Bromine. 


Calcium. 




Aluminium. 




Ii^n. 


Iodine, 


Magnesium. 








Cobalt. 




Zinc. 




Srd Section. 




NickeL 


Srd Section. 
PotMsinm. 


Brd Section. 




Platinum. 






Sodium. 


Cadmium. 
Mercury. 




4/A Section. 






4th Section. 


Copper. 




JJvCtU. 






Silrer. 













The elements have been classified according to their highest 
atomicity or greatest number of bonds. Thus sulphur can be made 
to combine with 3 atoms of the dyad element oxygen, although under 
ordinary conditions it combines only with 2 atoms of oxygen to 
form sulphurous anhydride gas, S02. In this instance the sulphur 
acts the part of a tetrad. Again, sulphur combines with two 
atoms of hydrogen, and is then for the time being a dyad ele- 
ment. The active atomicity or quantivalence of an element 
therefore principally depends on the nature of the elements with 
which it enters into combination. A hexad atom does not neces- 
sarily combine always with its rnn-TimnTn number of 6 chlorine 
atoms, or 3 atoms of oxygen, &c. : it may bind only 4 atoms of 
chlorine or 2 atoms of a aj^ element, such as oxygen or sulphur ; 
or 2 atoms of chlorine or its equivalent of a dyad atom: but a 
hexad atom will never be found to link itself to 5 or 3 or 1 atom of 
a monad element. Its atomicity co^ejfficient is invariably an even 
number. If the co-efl&cient be 2 or 4, instead of 6, — 4 or 2 bonds 
respectively become, so to speak, dornumt or inactive; but the 
absolute atom-fixing power of the hexad remains tHe same, and 
the dormant, or late7it bonds, as Dr. Frankland calls them, may be 
called into activity by fresh chemical agencies, whenever it is 
desired. The sum of the active and latent bonds must evidently 
alw^B be equal to the absolute atomicity of an element. 

Then, again, a pentad atom need not necessarily combine with 
5 atoms of chlorine, &c. It may exist in combination with 8 
atoms, or 1 atom, but never with 4 or 2 atoms of chlorine, or its 
equivalent. Its atomicity co-efficient is invariably an uneven number. 

Elements which in the above list are class^ed as m^onadSf &c., 
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may possibly be discovered to be capable of a higher binding power. 
Compounds may exist, or may yet be discovered, in which the monad 
element exists as a triad or pentad, or the tetrad or hexad element 
as a hexad or octad ; bat it may safely be predicted that a monad 
element will never bind 2 atoms of cUorine, but only 3 or 5, and 
that its atomicity co-efficient will be found to be an uneven number, 
and that of a dyad always an even one. 

Use of Thick Type. — The formulas of the different chemical com- 
pounds are, according to Dr. Frankland's system, written in such a 
manner as to denote '^ that the element represented by the first 
" ffpnbol of a formula, is directly united with all the active bonds of 
" the other elements or compound radicals following upon the same 
" line." Thus the formula of water, OH2, signifies that the dyad 
atom of oxygen is combined with the two bonds of the two atoms of 
hydrogen. The formula of carbonic anhydride, C02, signifies that 
the tetrad atom of carbon is combined with the four bonds of the 
two atoms of dyad oxygen. The first symbol constitutes the 
grouping element, and whenever this element has more than one 
bond, it will always be printed in thick type. The element having 
the greatest number of bonds wUl, as a rule, occupy this prominent 
position. 

QUESTIONS AJCO) EXERCISES. 

1. Explain the action of sunlight upon chlorine water. Express the change 
which takes place bj an equation. 

5. Gire reasons why two molecules of hydrochloric acid (HCl) are required to 

act upon an atom of zinc. 
8. How would jou demonstrate experimentallj that hydrochloric acid gas is 

composed of equal Tolumes of H and CI ? 
4. Explain why you consider that two atoms of H are equivalentio to one atom 

of O or one atom of Zn. 

6. Assign reasons for the formulse Ka CI and ONa3. 

6. Classify the following elements according to their respectiye atom-fbdng 

.power :— Br, B, C, N, Sn, S. Mg, Ag, Cd, Pt, Si, As, Mn. 

7. Commit to memory the 36 most important elements as classified in the 

preceding table. 

8. Explain the terms perissads and arti<ids, 

9. How can the atomicity of elements be indicated, 1st symbolically, 2nd graphi- 

cally? 

10. Explain what you tmderstand by ahsolwte atomicity f active and UUeni bonds, 

grouping elements, 

11. Describe the use of thick tvpe. 

12. State how many atoms of the following elements CI, O, S, you consider 

equiyalent to an atom of copper, of silyer, or of antimony. 

13. Bepresent graphically a molecmar yolume of HCl, OHj, BCI3, CH4, so as 

to indicate the atomicity of the respectiye elements, and state what 
objections can be urged apainst such graphic representation. 

14. Place the atomicity co-efficient against the following elements : — P, Hg, Sr, 

P, I, Cr, Au. 
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Chapter XI. 

HYDRATES^RBAOTIONS IN THE WET WAY. 

In most of the reactions hitherto described we have restricted 
ourselves to changes which take place in the dmf way, between solid 
bodies. In the few instances in which a liquid body reacted npon a 
solid body — as in the case where metallic snlphiaes were formed 
by the combination of a metal with the liquid sulphur, or where a 
liquid metal, such as mercury, or a readily fmsible metal, like 
sodium, combined with oxygen or chlorine — one of the reacting' 
bodies was rendered liquid by the application of heat. Such 
changes are called reactions in the dry way. 

There are, however, a vast number of reactions, where the 
presence of water forms an essential feature, either by virtue of its 
solvent action (whereby substances are brought into more intimate 
contact), or by giving up a part or the whole of its constituent 
elements for the formation of the molecules of the new body. Such 
changes are termed reactions in the wet way. 

Certain bodies, as soda, eagerly attract to themselves the moisture 
contained in our atmosphere. There can be no doubt that a chemical 
combination takes place between these bodies and the water, ac- 
companied by the liberation of much heat. This is proved more- 
over, by the difficulty with which soda gives up its water again when 
heated. 

Experimeiit S8. — ^Eraporate a little caustio soda in a small iron basin, or, 
better still, in a silyer crucible or eraporating dish. It loses water, and acquires 
a sjrupj consistency. On cooling, the mass solidifies. 

Quantitative experiments have shown that one molecule of water 
is retained by the fused mass for every molecule of soda, ONas. 
Dry soda, such afei is formed by the oxidation of the metal sodium in 
a current of dry oxygen gas, combines with 1 molecule of water, 
and the change may be viewed as an addition of two binary com- 
pounds according to the equation — 

ONa, + OH2 = Na^HaOj, or 20HNa.* 

The new ternary body contains the elements of soda and water 
truly chemically combined. In fact, soda acquires its characteristic 
caustic nature only by this very act of combination with water — 
ONas is without action upon dry litmus paper. 

Expeiiiiient ft 4. — ^A little burnt lime, CaO (quicklime), is placed in a porce- 
lain dish, and moistened with as much water as it will take up within its pores. 
The mass soon begins to get hot ; it gires off steam, and falls to pieces. 



* A figure placed on the left of a group of elements multiplies each element. 



TERNARY BODIES. 63 

MiLcli heat is evolved by the chemical combination of lime with 
water. Qnantitative experiments have proved that this reaction 
takes place according to the equation — 

CaO + OH2 = CaH202. 

Experiment has shown that phosphoric anhydride, PaOs, absorbs 
moistnre with great avidity from the atmosphere. A few flakes of 
the anhydride when thrown into water, caose a hissing noise, and 
dissolve instantaneously, giving rise to an increase of temperature. 

Sulphuric anhydride, SO3, is obtained as a white mass of crystals, resembling 
asbestos. It fumes when exposed to moist air, and rapidly deliquesces from 
absorption of aqueous vapour, and becomes conyerted into the hydrate, usually 
called sulphuric acid. Small portions of the anhydride when cautiously thrown 
into water, occasion each time a hissing sound, and the water gets intensely hot. 

The heat must have been stored up in the anhydride and in the water (both 
oold bodies at the ordinary temperature). 

The liquid reddens blue litmus paper most intensely. On distilling the dilute 
add in a retort, through the tubulure of which a thermometer is fitted air-tight 
by means of a soft cork, it yields first water, then hydrated acid, and the boiling- 
point rises gradually until it remains constant at 826** C. No further change is 
obserred, and the remaining liquid rapidly distils oyer. 

Quantitative experiments have proved that this distillate is a 
ternary compound of S, 0, and H, viz., SO4 H2, or* SO3OH2. 
The compound S^ Os is represented graphically : — 



II 

o=s=o 

Sulphur being a hexad element. The compound SO3 OH3 being, 
however, a truly chemical compound, the question naturally arises : 
how are the elements of water connected with the hexad sulphur. 
If the 6 bonds of the sulphur atom were linked directly to the 4 
atoms of dyad oxygen, and 2 atoms of monad hydrogen, sulphur 
would become a decad element (SO4 H2). ^ 

Now we know that SO3 can be obtained by the oxidation of SO2. On passing 
sulphurous anhydride slowly oyer plumbic dioxide, Pb02, loosely spread out in a 
thin layer in a narrow tube of hard glass, the gas is eagerly absorbed by the 
binarr compound, plnmbic dioxide, with which it forms a white compound, called 
plumoic sulphate, SO2 Fb02. The same reaction takes place when manganic 
oxide, Xll02f is employed — manganous sulphate, S02Mn02, being formed. 

Experiment ft5. — ^Add to a concentrated solution of sulphurous anhydride 

Si8 in water, a solution of peroxide* of hydrogen, H2O2 (hydric peroxide), imtil 
e odour of the sulphurous anhydride gas has entirely disappeared. Sulphurous 
acid is instantaneously conyertea into sulphuric acid on coming in contact with 
hydric peroxide (a compound which is ot yery great interest, and the formation 
of which will be described hereafter more fully). 



• The prefixes per, or hyper ^ are used in cases where the same element forms 
more than two oxides (acids or bases) with oxygen. More frequently, howeyer, 
the difibrent oxides are distinguished by the use of the terminals ous and m*, as 
manganous, 8KnO, and manganic oxide, BKnO^, sulphurous, SOs, and sulphuric 
anhydride, SO3. 
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SOa + HaO, = SOaHaOj, OT SO2H0,. 

Sulphurous Hjdrio Sulphuric 

anhydride, peroxide. acid. 

If we then regard the chemical componnd which is formed when 
SO9 and OH3 are bronght together, as consisting of snlphnrons 
anhydride gas and hydric peroxide, we shall be able to represent it 
graphically as follows : — 

O 

H— O— S— 0— H 

II 
O 

and preserve in this manner the hexad natnre of the snlphnr atom. 
Manganons sulphate, containing in the place of the two atoms of 
hydrogen a dyad element, Mn, and plumbic sulphate, the dyad 
element, Pb, would then be written graphically — 

o 



O.i-0 



o=s— o 

0— Mn O— Pb 

The compound SO3 is called sulphurous cmhydride (irom. &v^ not, 
withoiU, and vdupy water) , and the compound SO3, sulphuric anhy- 
dride ; for oxides which form adds when they combine with water, 
or salts when added to bases, are termed anhydrides. 

"Water is usually viewed as an oxide of hydrogen. It may, how- 
ever, also be regarded as a hydride of the semi-molecule HO. Many 
bodies of analogous nature occur among organic compounds, and we 
are, therefore, perfectly justified in taking this view of water, 
viz. : — ^ 

OH, = H HO 
Hydric peroxide being then represented by — 

HaOa = HO HO 

the compound H2O2 consisting of two parts of the binary compound 
HO, which has not as yet been obtained in an isolated condition, 
but exists merely in the form of the molecule. One of the semi- 
molecules, HO, m H3O3, takes the place of H in OH,, and it is, 
therefore, equivalentic to H; i.e., it possesses the same binding power 
as hydrogen, or chlorine, or any other monad element. Such a group 
of elements which is capable 01 taking the place of one or more atoms 
of H is termed a compotmd radical. The radical HO has received the 
name of hydroxyl, and is conveniently expressed symbolically with 
a small o after the H, viz.. Ho ; it must not be supposed, however, 
for a moment that a different atomic value appertains to the small o 
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than the large O. Hydric peroxide consists of two parts of the 
componnd radical hydroxyl. Although Ho is a compound, it yet 
acts the part of a simple atom, because it enters into combination with 
other atcms, according to definite weight. 

Graphic representation illustrates clearly its monad nature, for 
we must write hydroxyl — 

H— 0— 



only one hypothetical point of attachment of the oxygen atom being 
left by which it can join itself to hydrogen to form water, or to 
another hydroxyl radical to form hydric peroxide. 

In like manner there must be as many compound radicals 
possible as there are metals. A few may be said to correspond to 
the peroxides, but in most cases they are purely hypothetical crea- 
tions, as the peroxides of many metals are unknown; thus we 
have — 













Componnd radicals 










corresponding to 


MetalB. 




Oxides. 


Peroxides. 


hydroxyl or its 
multiple. 


Potsssiam. , 


K 


OK, 


£,0,=. 


roK 


Ko (PotasBOxyl). 


Barium .... 


Ba" 


BaO 


BaO, =- - 




Bao" (Baroxyl). 


Magnesium. 


Mg" 


XffO 


te ~ 


Mgo" (Magnesoxyl). 


Zinc 


Zn" 


ZnO 


— 


Zno" (Zincoxyl). 


Iron 


Fe" 


FeO 


.. 


Feo" (Ferrosoxyl). 


Lead 


Pb" 


PbO 


Pb»^Oa 


Pbo" (Plumboxyl). 


Antimonj. . 


Sb'" 


Sb-Os 


— 


Sbo'" (Antimonoxyl) 


Bismuth .. 


Bi'" 


Bl,03 


— 




Bio'" (Bismnthoxyl). 



The atoms of oxygen in these compound radicals are represented 
by a small o, indicating their binding Unction, as distinct from the 
i^ms in the peroxides. In the peroxides the oxygen and metal are 
connected by one bond only of the O atoms, whilst the remaining 
bonds of the oxygen atoms satisfy each other ; this is indicated by 
bracketing the oxygen atoms. In the metalloxyls, on the other 
hand, the oxygen atoms are linked to one or more atoms of other 
elements, for example — 



Baric Peroxide 



»«8} 



r\ 



Ba 



U 



Baroxyl 



Bao" 



— 0— Bar-0— 



The dashes and Boman figures after the small o indicate that the 

F 
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compound radicals, which these metals form, are capable of replacing 
one, two, three, etc., of the monovalentic radical Ho. 

On viewing in like manner the snlphnretted hydrogen gas, SH2, 
which we obtained in Experiment 42, we may regard it either aa 
water, OH2, in which the oxygen atom has been replaced by an atom 
of sulphur, or as the hydride of a compound radical hydrosulphyl, HS, 
analogous to hydroxy 1, — conveniently written with a small s,H8, after 
the hydrogen, and represented graphically thus — 

H— S— 

Only one point of attachment is left open in the dyad atom 
sulphur by which it can link itself to hydrogen to form sulphuretted 
hydrogen, or to a monad element, ex. gr., sodium, Na, potassium, K, 
to form NaHs, KHs. 

The ternary chemical compounds which are obtained wheua. 
water combines with metallic oxides to form hydrates, must be ex- 
pressed graphically in like manner. We may view potassic oxide, 
OKt, a8 composed of the compound radical potassoxyl Ko — the 

radical in the molecule potassic dioxide ( hit- or K^Os j — together 

with an atom of K, thus — 

OKa = KXo; 

and potassic hydrate as a compound of K and Ho, the radical 
hydroxjl, Ho, replacing potassoxyl, Ko, in potassic oxide. 

K— — 0— K, or K— O—K. 
K— — O— H, or K— O— H. 

Metallic hydrates, then, may be viewed as binary compounds, in 
which one, two, three, or four parts of the compound radical 
hydroxyl are combined vnth one atom of a metal, according as the 
latter is of a monad, dyad, triad, or tetrad nature. 

Hydrates of monad metals — GFraphically — 

KHo . NaHo . AgHo K— Ho. 

Hydrates of dyad metals — 

Ca"Ho, . Pe"Hoa . Pb"Ho, Ca"=:Ho,. 

Hydrates of triad metals — 

Au"'Ho3 . Sb"'Ho, . Bl"'Ho8, ILu'" = Ho,. 

Hydrates of tetrad metals — 

Sn»^Ho4, Sn»^ = H04. 

Some of the metallic oxides possess little or no afl&nit j for water, 
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or, if they combine with it, form only weak chemical componnds, 
which are broken tip again on the application of heat, into water, 
which is given o£^ and oxides. On the other hand, metallic oxides 
are often capable of fixing more than one molecnle of water ; thus 
potassic hydrate (which is generally sold in the form of sticks, from 
having been mn into cylindrical metallic moulds whilst in an oily 
condition ; or in Inmps, from being ponred into flat iron vessels and 
broken np when cold), if left exposed to the air attracts moistnre 
very rapidly, and forms an oily liquid — ^it deliquesces. Oil of vitriol, 
or snlphnric hydrate (which contains generally a little more than 
one molecnle of water), also attracts moistnre very eagerly. It is, 
therefore, employed for drying gases which are not acted npon by 
the acid. By passing gases throngh snlphnric hydrate, contained 
in a two-necKed Woi3fe's bottle, they are freed from moistnre, and 
may be collected in a perfectly dry state. As the combination of a 
further molecnle, or number of molecnles of water with potassic 
hydrate or snlphnric hydrate is accompanied by a considerable rise 
in temperature, it is inferred that several hydrates of one and the 
same oxide may exist ; and this is actually the case. A tetrahydrio 
Bulphuric acid, for instance, exists, which boils at 242°0., and is 
formed from two molecules of water and one of sulphuric anhydride. 

Symbol SO,, 2H2O, or SOH02H02, 

O 



H— 0— S— 0— H 

A natural compound, called gypsum (dried at 100^ C), is the 
acid salt of this tetrahydric acid, viz., SO H02 Cao* (dihydric calcic 
sulphate). 

Ca 



/\ 



H— 0— S— O— H 



i 



It is usual to express dilute sulphuric acid by the formula 
SO2H03, and a solution of potassic hydrate, or caustic potash, by 
the formula KHo, without regard to the amount of hydration which 
these bodies have undergone. The same formulae, however, possess 
likewise a definite meaning ; expressing, as has been already shown, 
in the strict sense of our symbolic notation, sulphuric monohydrate, 

potassic monohydrate. 

F 2 
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QUESTIONS AND EXERCISES. 

1. Define what is meant by reactions in the wet and dry way. 

2. Giye instances of combination between oxides and water, and state on what 

grounds you consider such compounds to be the result of a chetiUctU and 
not merely physical combination. 
8. What do we understand by the terms ternary compound, anhydride, peroxide^ 
hydroxyl, hydroeulphyl, deliquescence t 

4. Give symbolic and graphic formuls of sulphurous and sulphuric anhydride, 

of diyhdric sulphuric acid, of manganous sulphate, and of dihydrio calcic 
sulphate. 

5. Assign reasons for writing the symbolic formula of sulphuric acid, SOsHoi, 

instead of SO4H3. 

6. Define a compound radical. Giye illustrations. 

7. Write out the names of the compound radicals, corresponding to hydrozyl, of 

the following metals : — sodium, calcium, copper (cuprum), mercury, silver 
(argenium), Qt'vre symbolic and graphic formuls. 

8. Explain the use of the bracket and of the terminals ous and ie. 

9. Qiye symbolic and graphic formuls for baric peroxide, manganic oxide, 

plumbic dioxide, potassic dioxide, potassic hydrate, calcic hycbate, stannic 
hydrate, baroxyl, plumboxyl, argentic peroxide, argentoxyl, antimonious 
hydrate. 

10. fou haye giyen to you quicklime, dilute sulphuric acid, and water ; what 

chemical combinations are you able to produce with these materials 1 

11. Calculate the percentage composition of baric peroxide. 

12. What is the percentage of water in calcic hydrate, and in monohydrated 

sulphuric acid ? 



Chapter XII. 

HYDROCHLORIC ACID.— CONVERSION OF METAL- 
LIC OXIDES INTO CHLORIDES^OXIDES OF 

CHLORINE. 

. 

Experiment 56.— A flask fitted with a cork and deliyery-tube, is charged 
with a few pieces of fused sodic chloride ; oil of yitriol is added in sufficient 
quantity to coyer the salt. On eently heating, a colourless gas is eyolyed, which, 
on coming in contact with the air, fumes considerably (comp. Exp. 62). 

The reaction is expressed by the equation — 

Na C1+ SOaHoa = SOjHoNao + HCl. 

Hydric sodic 
sulphate. 

Hydrochloric acid gas can be obtained perfectly anhydrous by passinff it 
through a Woulfe's bottle containing pieces of pumice-stone, moistened with ou of 
yitriol (as was shown in Fig. 46), and can then be collected by displacement. 
For this purpose pass the deliyery-tube to the bottom of a perfectly dry globular 
flask. The fighter air is gradually lifted out of the flask by the heayier gas (the 
sp. ffr. of HCl being 1*247, as compared with air), and its escape from the flae^ ia 
marked by white fumes, produced by the combination of the otnerwiBe traasparent 
gas with the moisture of the air. 
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Fig. 47. 



Hydrochloric acid gas possesses a powerful attraction for 
water. 

In order to illustrate this, place the globular 
flask with its mouth downwarcLs in a small cap- 
sule full of mercury. Transfer cautiously to a 
basin of water (Fig. 47), coloured blue by a few 
drops of litmus, and open the flask under water 
by raising its mouth out of the mercury. The 
inter rushes in with great yiolence, for it is capa- 
ble of absorbing 480 times its bulk of hydrochloric 
acid gas. The blue colour changes instantane- 
ously to red. 

Experiment ftV- — Pass a slow current of 
dry hydrochloric acid gas directly from the dry- 
ing-bottle over freshly ignited cupric oxide, 
CuO, placed in a porcelain boat inside a tube of 
bard ^ass, in a manner similar to that shown in 
Fig. 23. The copper lays hold of the chlorine, and the oxygen combines with the 
hydrogen, according to the equation — 

CuO -f 2HC1 = CuCla -f OH2. 

The water is carried along and partly condensed in the further part of the 
tube, or carried with the undecomposed hydrochloric acid into a bottle containing 
a solution of sodic hydrate. Ttie black oxide of copper is conyerted into a 
greenish liquid, which is partly left in the boat, and partly volatilized and con- 
densed with a portion of the water. The reaction takes place in the cold, but 
much more rapidly when the part of the tube containing the boat is gently 
heated. On allowing it to cool, and dissolving the cupric chloride left in the 
boat by the addition of a little water, a green solution is obtained. 

The same change takes place when mercuric or zincic oxide is 
acted upon, according to the equation — 

HgO -♦- 2HC1 = HgClj + OHa, 
ZnO H- 2HC1 = ZnCla -♦- OH2, 

water being invariably produced, whilst metallic chlorides are 
formed. 

A solution of hydrochloric acid gas in water (sometimes called 
spirit of salt, muriatic acid, chlorhydric acid, and hydric chloride), 
is largely used in the laboratory, and constitutes one of the most 
indispensable reagents. 

Experiment 58. — ^Fut one part by weight of dry sodic chloride (common 
salt), and two parts by weight of concentrated sulphuric acid (previously diluted 
with one- third of water) in a flask (Fig. 41), shake well up, ^connect with two 
or three Woulfe's bottles, and apply a gentle heat. Small Quantities of sulphuric 
acid, which may be carried over, are arrested in the first Woulfe's bottle. The 
delivery-tubes should be adjusted so as to dip barely into the water, because the 
hydrochloric acid is so eagerly absorbed by the water as to cause the contents of 
tile Woulfe's bottles to re^e, and because the acid liquid which is formed, being 
heavier than water, sinks rapidly to the bottom. 

A solution of pure hydrochloric acid should be quite colourless. 

Bxperiineiit 19. — Take a dilute solution of caustic soda (sodic hydrate) 
and add to it a few drops of litmus solution. The liquid turns intensely blue. 
Add now, by means of a little pipette (Fig. 48), dilute hydrochloric acid, drop 
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by drop, and keep stirring with a glass rod. Each drop of acid causes the blue 
liquid to turn red, wherever it fiiJls. The red disappears, however, on agitating 

the liquid ; but as soon as the greater portion of the 
alkali has combined with the acid, the red colour 
disappears more slowly ; and one single drop of acid 
at last turns the whole of the blue liquid perma- 
nentlj red. 

This is a sign that no more free or nn* 
combined alkali is left. The alkali is sait^ 
rated with acid ; as it is'termed, it is neutra^ 
lized, i.e., it does not affect either bine or 
red litmns. The chemical combination be- 
tween sodic hydrate and hydrochloric acid 
Flo. 48. is accomplished according to the eqna- 

tion — 

NaHo + HCl = NaCl + OH,. 

Chlorine possesses a strong affinity for the metal sodinm. It 
leaves the hydrogen and combines with sodinm to form common salt 
or sodic chloride^ NaCl, which crystallises ont on evaporation in a 
porcelain dish. Pour off the liquid and spread the crystals on filter 
paper, placed on a porous tile, to dry. 

It follows from this experiment that a metallic chloride can be 
obtained also by neutralizing a solution of a metallic hydrate with 
dilute hydrochloric acid, and that such chlorides possess all the 
properties of chlorides obtained in the dry way. 

Idetallic chlorides can, with few exceptions, be prepared, as we 
have hitherto* seen, 

1. By the direct comhinaiion of chlorine with mstals (oomp. Exps. 

4f8, 49, and 60), e.g., 

Mg + CI2 = MgCl,. 

2. By the action of hydrochloric a^yid, either in the gaseous form 

or as dihde add, wpon metals (comp. Exps. 2 and 52), e.g,^ 

Na, + 2HC1 = 2NaCl + H,. 
Gaseous. 

Zn + 2HC1 = ZnCla + H,. 

A dilute 
solution. 

3. By the auction of hydrochloric a,cidy no mMter whether as gas 

or in solution, upon metallic oxides (comp. Exp. 67), e.g., 

CuO + 2HC1 = CuCla + OH2. 

4. By the action of dihde hydrochloric acid upon metallic hydrates 

(comp. Exp. 59), e.g., 

KHo + HCl = KCl + OH2. 
* Other modes of forming metallic chlorides will be dealt with below. 
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Methods 3 and 4, of preparing chlorides, moreover, are the most 
convenient and most generally adopted, since metallic oxides or hy- 
drates, which occur more frequently in nature than the metals, are 
innch more easily and cheaply converted into chlorides than the 
metals themselves. This applies especially to the lighter metals, 
Na, K, Ba, Sr, Ca, Mg, Al. . 

We can prepare in this manner potassic chloridej baric, and calcic 
uhloride, etc., by neutralizing their corresponding hydrates with 
dilute hydrochloric acid, according to the equations — 

KHo + HCl = KCl -f OH2, 

BaHo, + 2HC1 = BaCl2 + 2OH2, 
CaHoa 4- 2HC1 = CaCl, + 2OH2. 

Solutions thus obtained are termed chemical solutions, because 
the solvent, HCl, forms with the dissolved substance a chemical 
compound. 

All metallic chlorides, with the exception of argentic, mercurous, 
and plumbic chloride, are soluble in water ; the latter is, however, 
partially soluble in cold, and readily soluble in boiling water. 

It may be useful to examine for a moment somewhat more 
closely into the action of hydrochloric acid upon the more impor- 
tant metals (method 2), and' to observe — 

1. That certain metals* are readily dissolved with evolution of 

hydrogen, viz., K', Na', Ba", Sr", Ca", Mg", Al^ Pe' , 
Zn", Cd", Ni", Co", and (pulverulent) Cr»^. 

2. Others are only with difficulty soluble in boiling acid, viz., 

Sn". 

3. Others again a/re but slightly attacked by hydrochloric a^nd, 

viz., Sb"', Pb", Ag', Bi'", Cu", and 

4. A few metals are not affected either by cold or hot hydrochloric 

acidy viz.. An, Pt, As, Hg, and (crystalline) Cr. 

Hydriodic, hydrobromic, and hydrofluoric acid act in a similar 
manner upon metallic hydrates. They form iodides, bromides, and 
fluorides, ex. gr. — 

KHo + HI = KI + OHa 

MgHoa + 2HBr = MgBra -f 2OH2 
NaHo -f HF = NaF + OH2. 

All metallic iodides and bromides, with the exception of argentic 
iodide and bromide, are soluble in water. Metallic fluorides, on the 
other hand, are for the most part insoluble in water, with the ex- 
ception of the alkaline and a few other fluorides. The best known 

* Practicallj no other but the few metals printed iu thick type would ever be 
thus used for the preparation of metallic chlorides. The atomicity marks placed 
on the right hand side abore the symbols indicate the nature of the chlorides 
which the different metals form under the giyeu circumstances. 
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fluoride is calcic fluoride, or flwo/r spar, insoliLble' in water and 
dilute acids. 

Oompounds of OMorine with Oosygen, — There is no method known 
by which chlorine can be made to unite directly with oxygen. The 
consideration of the more important compounds formed by chlorine 
with different proportions of oxygen, as set forth in the following 
table, will, therefore, be resumed when the reactions of the oxy-acids 
of chlorine come to be studied. 

Oxides of OMorine, 



Name. 



Hypocblorous anhydride 
Chbrio oxide (?) 

Chlorous anhydride .... 
Chloric peroxide 

Chloric hyperoxide (?) . . 



Symbolic 
FormulflB. 



OCls 

roci-i 

loci; 

rocii 
locij 



''ocn 
o 
o 

.oci. 

OCl" 

o 
^o ^ 

IS 

Locij 



By weight. 



CI 



71 
71 

71 



71 



71 



16 
82 

48 
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QUESTIONS AND EXERCISES. 

1. How would you demonstrate the great solubility of hydrochloric acid gas in 

water? 

2. What is the action of dry HCl gas upon dry metallic oxides? Gire 

equations. 
8. How is a concentrated solution of hydrochloric acid prepared ? 
4. You haye giren to you a dilute solution of sodic hydrate and dilute hydro- 

diloric add : stale how you would prepare from these materials crystals of 

conunon salt ? 
6. Explain the terms nevU-alize, chemical toUiiian, enaporation, 

6. Which metallic chlorides are insoluble in water ? 

7. Commit to memory the action of hydrochloric add upon the more important 

metals. 

8. Enumerate the different methods for preparing metallic chlorides, and state 

which methods you would follow if you hs^L to prepare cupric chloride, 
mercuric chloride, zindc and ferrous chloride, sodic chloride, stannous 
chloride. Giye equations* 
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9. Give sjmboHo and gimpHc fommlsD for antimoniouB, onprioi magnesic, 
cobaltouB, manfj^anouB, and argentic chlorides. 

10. How much sulphuric acid (SOjHos, molecular weight 98) is required to de- 

compose 100 grms. of f^ed sodio chloride, so as to leare hydric sodic 
sulphate ? 

11. How much metallic zinc can be dissolved bj 50 grms. of hydrochloric acid 

containing 20 per cent, of acid by weight. 

12. How much £7 hydrochloric acid gas by weight and by Tolume will be required 

to combine with 5 grms. of ignited cupric oxide ? 



• chaptee xm. 

TORMATION OF TERNARY OXY- COMPOUNDS 
FROM METALLIC HYDRATES AND OXY-ACIDS. 
—CARBONIC AND SULPHUROUS ACID.— CAR- 
BONATES, SULPHATES, AND SULPHITES. 

Bxperlment 60. — ^An aqueous solution of caustic potash (potassic hydrate) 
u neutralized, as shown in Experiment 69, in a beaker with moderately dilute 
sulphuric acid (1 part by measure of strong acid diluted with 3 parts by mea- 
sure of water). A few arope of litmus solution are added to indicate the chai^ge 
from blue to red, i.€., the neutralization of the alkali by the acid. The liquid is 
evaporated in a porcelain dish till a slight film forms upon it and then set aside 
to cool. Crystals of a salt called poicuno sulphaie are obtained. The change 
takes place according to the equation — 

2B:jao + SOaHoa = SOaKoa + 2OH2. 

On examining the cjrystals quantitatively, they are found to be 
composed of K, S, and O only, water being eliminated. By the 
change, the compound radical potassoxyl, Ko, takes the place of the 
radioal Ho, or a molecule of potassoxyl, K03, replaces the molecule 
fiot in sulphuric add. It is represented graphically thus : — 

O 



K— 0— S— 0— K 



i 



We liave already become acquainted with a gaseous compound 
of carbon and oxygen, called carbonic anhydride gas, CO3, wbich we 
obtained by burning carbon in air or oxygen. This gas is more 
readily prepared by acting upon mineral bodies containing it, such 
as cbiJk, marble, with hydrochloric or other acid. 

BxperlHieiit 61. — Introduce into a bottle (Fig. 49) a few pieces of marble 
and add through the funnel-tube dilute hydrochloric acid. Effervescenoe ensues 
and a colourless gas comes off. Fresh acid is added from time to time, as long 
as any marble is left undissolyed. The reaction is expressed by the equation — 
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COCao" + 2HC1 = CaCl, + CO, + OH,. 

Calcic Calcic 

carbonate. chloride. 

We can readily collect some of the gas over water in glass cylin- 
ders and have no difficulty in recognising it as carbonic aihy- 




Fxo. 49. 



dride, since it extinguishes a light, is heavier than air, and gives 

a white precipitate with lime or baryta water. Its specific gravity 

1*529 
compared with air is 1*629 or = 22, when compared with 

hydrogen. 1 litre of the two-volume vapour carbonic anhydride, 
consisting of one atom of carbon and two atoms of oxygen weighs 

=22 times as much as a litre of hydrogen or 22 

criths, I.e., 22 X 0896 grm. = 1*9712 grm. The molecular weight 
of carbonic anhydride is therefore 44. It is written graphically 
O = C = O, carbon being a tetrad element. 

Experiment 6S. — Pass some carbonic anhydride into a solution of caustic 
soda, NaHo. The gas is absorbed. On evaporating the solution to dryness, and 
igniting gently in a porcelain dish, then dissolring the dry mass once more in 
hot water, crystals of a salt are obtained, which analysis has shown to be com- 
posed of three elementary bodies, yiz., sodium, carbon and oxygen. Its foimation 
IS explained by the following equation : — 

2NaHo + CO2 = CONao, -f OH,. 

The salt is disodic carbonate, and is one of a large and important 
class of salts called ca/rhonates. The tetrad element carbon forms 
the grouping element, its bonds being satisfied by one atom of dyad 
oxygen and two parts of the monad radical sodoxyl, Nao. It is 
expressed graphically : — 

O 



Nar-0— O-O— Na. 

We have now to add one more method to the four methods 
enumerated above for preparing metallic chlorides, viz., by the action 
of dilute hydrochloric cudd upon metallic carbonaies, e.g, — 
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COCno" -f 2HC1 = CuCU + CO, + OH3 
COMgo" + 2HC1 = MgCl, + CO, + OH,. 

It is obvious that metallic sulphates (comp. Exp. 60) may, in like 
manner, he prepa/red from, m^etallic carbonates, by treating the latter 
toUh dilute sulphuric add, e.g. — 

COFeo" + SOaHoj = SOaFeo" + CO, + OH,, 

Ferrous Ferrous 

carbonate. sulphate. 

and as many metals occur in nature abundantly in the form of car- 
1x)nates (e.g., K, Na, Ba, Sr, Ca, Mg, Fe, Zn, Mn, Pb, On), this 
method of preparing chlorides and sulphates will at once recommend 
itself as the most convenient and cheapest, especially as carbonates 
are, for the most part, decomposed with great faciHty even by weak 
organic acids, such as acetic or tartaric acid. 

Experiment 6S. — Pass carbonic anhydride gas through a solution of baric 
hydrate, BaHo2. The gas is likewise absorbed, and a white precipitate falls as 
soon as the first bubbles of the gas are passed into the solution. The precipita- 
tion ceases after a while, and by filtering off the white powder, which consists of 
barium, carbon and oxygen, we obtain a salt called baric carbonate, which is 
insoluble in water. Its formation is expressed by the equation : — 

BaHoa -f CO2 = COBao" + OH2. 

On passine carbonic anhydride gas somewhat longer through the solution in 
which some 01 the precipitate is suspended, the precipitate disappears and the 
liquid becomes once more dear. Excess of carbonic axmjdride then dissolves the 
buric carbonate ; it combines in fact with the caustic alkalies and alkaline earths 
in two proportions, forming either a neutral carbonate or an acid, or hydric 
carbonate respectively. 

The carbonates of the alkali metals are soluble in water, all 
other carbonates are insoluble. 

Potassic sulphate, like sodic chloride, has neither acid nor basic 
properties ; it is an indififerent body. Sulphates of the alkali metals 
are soluble in water. Baric sulphate is practically insoluble in water 
as well as in dilute acids ; strontic, calcic, and plumbic sulphates are 
nearly so, argentic sulphate is difficultly soluble in water. All other 
metallic sulphates are soluble in water. 

Metallic sulphates can, with few exceptions, be prepared — 

1st. By the action of sulphuric acid upon the metals,* 

(a) with evolution of hydrogen, e.g., K, Na, Ba, Sr, Ca (the last 
three metals are imperfectly acted upon on account of the 
formation of insoluble sulphates). Mg, Al (requires the 
application of heat) Pe", Zn", Cd, Ni, Co, Mn, and (pul- 
verulent) Cr, Sn (imperfectly acted upon by dilute sulphuric 
acid with evolution of hydrogen). 

(&) by the action of concentrated sulphuric add with evolution 

* Practically no others than the metals printed in thick type would ever be 
dissolyed in sulphuric acid for the purpose of preparing their sulphates. 
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Buiphurovs anhydride (802) especially on heating, e.g,j 
Gu", Bi"' lag' JBLg, Sb'" and Sn", Pb (slightly solnble 
only on heating.) 

whilst a few metals, snch as An, Pt, As and Cr (crystalline) are not 
affected by concentrated snlphnric acid. 

2nd. By the action of dilute sulphuric add upon metallic oxidesy 
e.g. — 

ZnO + SOaHoj = SOaZno" + OH,. 

Zincio Zinoio 

oxide. sulphate. 

3rd. By the action of dilute sulphuric add upon meiaXUc hydrates^ 
e.g. — 

MnHoa + SO3H03 = SOaMno" + OH,. 

ManganouB ManganooB 

hydrate. sulphate. 

4th. By the action of dilute sulphuric add upon metalUe carbonates^ 
as described above. 

Experiment 64. — Introduce some copper clippings into a flask, fitted with 
a funnel and delirerj-tube (as seen in preceding fig.). Add a little concentrated 
sulphuric acid/ and heat gently over a sand-bath. A gas is evolyed, which is 
readily recognized by its pungent odour as tulphurous anhydride. The reaction 
takes place according to the equation : — 

On -f 2SOaHoa = SO2 + SOaCno" + OHj. 

Sulphurous Cupric 
anhydride, sulphate. 

The oxidation of the copper is effected at the expense of sulphuric acid with 
evolution of one molecule of 8O3. A second molecule of SO^Ho] combines with 
the cupric oxide to form cupric sulphate, which is left behind in the flask and 
which may be recovered by dissolving in water, filtering and evaporating, in the 
form of fine blue crystals (802Cuo'^50Hs). 

Several other metals, e.g., Hg, Ag, might have been snbstitnted 
for tlie metallic copper. 

When snlpharons anhydride is absorbed by water it prodnces 
snlphnrons acid, SOHoa, thns : — 

SOa + OH, = SOH03. 

Snlphnrons anhydride, when passed into a solution of sodic 
hydrate, is absorbed with formation of a sulphite, if the SOa be in 
excess— of an add sulphite, e.g., — 

2NaHo + SO, = SONao, + OH,. 

NaHo + SO, = SOHoNao. 

Acid or hydrio 
sodic sulphite. 

Metallic sulphites are readUy produced by adding a solution of 
sulphurous add to a metallic hydrcUCy oxide, or carbonate. The group- 
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ing element snlphnr acts as a tetrad element. Its bonds are satisfied 
in metallic snlphites by one atom of dyad O and two of a monad or 
one of a dyad metallozyl, thus : — 

Symbolically. QrapMcally. 





SOHoNao Nar-0— S— O— H 

O 

II 
ONaoa Nar— 0— S— 0— Na 

0C-" Ca<^\s =0 

Snlpbnrons anhydride (like carbonic anhydride) is readily 
liberated from metaJlic snlphites by the action of hydrochloric, or 
solphnric acid. 

Potassic sniphate is the representative of a large number of 
ternary compounds called oosy-salts, because three elementary bodies 
enter into their composition, one of which is always oxygen. 

Salts may thus be divided into — 

1. Haloid salts (binary compounds), e,g.y chlorides, bromides, 
iodides, etc. 

2. Oxy -salts (ternary compounds), e.g.^ sulphates, sulphites, 
carbonates, etc. 

and the same nomenclature is used in the case of ozy-salts which 
was adopted for haloid salts, viz., the name of the metallic element 
is employed adjectively, and that of the acid substantively ; the 
name of the acid element of ozy-salts ending, however, as in potassic 
sulphate and sodic sulphite in ate and ite, in order to distinguish them 
from the acid element of haloid salts which terminate in ide^ as 
potassic chloride. 

QUESTIONS AND EXERCISES. 

1. You have given to ^ou metallic silyer, ferrouB carbonate and sulphuric acid. 

State what chemical compounds can be produced from these materials. 
Express the changes by equations. 

2. Describe the most convenient methods for preparing magnesic sulphate, disodio 

sulphite, mercuric and zincic sulphate. Express the changes by equations. 
8. Explain what takes place when OO2 is sucoessiyely passed into distilled water, 

into solutions of baric or calcic hydrate. 
4. Find the Tolume weight of OOj, and calculate the weight of 66'5cc. of carbonic 

anhydride. 
6. You have giyen to you a piece of charcoal weighing 5 grms. and 6 litres of 

oxygen. How much VO2 by volume and by weight can you obtain by the 

combustion of the carbon in oxygen, and how much carbon, if any, will 

be left? 
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6. How much OO] b^ weight and hy Tolmne will be required to oonyert 8*6 

grms. of NaHo into duodic carbonate P 

7. Qvre the Bymbolio and graphic formulffi of the following compounds: sul- 

phurous acid, hydric sodic sulphite, baric carbonate, calcic sulphate, 
magnesic sulphite. 

8. Explain what nomenclature has been adopted for distinguishing haloid from 

oi^-salts. Q-iye illustrations. 

9. We inhale air and throw off carbonic anhydride from our lungs. How would 

you show experimentally that the amount of OOs in a given volume of 
air which comes from our lungs, is far greater, than the quantity of car* 
bonic anhydride which is found in an equal volume of tne air which we 
inhale. 



Chapter XIV. 

THE OXIDES OF NITROGEN. 

Two important compounds containing one of the oxides of nitrogen 
in combination with the alkali metals potassinm and sodinm exist in 
natnre, and are known to ns as potash nitre (or saltpetre) and soda 
nitre {GhiU saltpetre, cubic nitre). The affinity which nitrogen 
possesses for oxygen is so feeble, that in atmospheric air (which 
consists of a mixtnre of these two gases) they exist side by side with- 
out combining ; and it is only by the most powerfdl agencies (snch 
as electrical discharges) that very trifling quantities of an acid pro- 
duct of oxidation can be obtained. Nitre is principally found in 
tropical countries, where the rapid oxidation of certain organic nitro- 
genized bodies, such as animal excrements and especially urine, 
under the influence of a hot tropical sun, especially in presence 
of porous lime soils and soils rich in alkalies, produces this 
most important of nitrogen compounds in considerable quan- 
tities. We know of no reactions by which the oxides of nitrogen 
could be formed directly from their elements in appreciable quantities. 
The affinity which draws their component atoms together being 
found very feeble, their power of resisting decomposition is propor- 
tionally weak ; and hence it is that these compounds part readily 
with their oxygen, and that the diflerent oxides of nitrogen are 
among the most powerfdl oxidizing agents known. 

Expertment 6S. — Introduce into a small retort (Fig. 50) a little nitre with 
sufficient concentrated sulphuric acid to cover the salt. Carefully prevent the 

acid and the salt from coming 
in contact with the neck of the 
retort. 

Apply gentle heat. A re* 
action is seen to take {dace, uid 
ruddy vapours come off which 
condense in the neck of the re- 
tort. The receiving flask should 
be kept cool by partiallv im- 
mersing it in a basin oi oold 
water and by covering it with 
a wet cloth or filter-paper. The 
Fio 60. distillation continues briskly for 
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■ome time, and an orange red liquid oondenseB in the receiver. The operation may 
be diBcontinued when no more ruddy vapours are observed in the body and necK 
of the retort. 

The liqtiid in the receiviiiG: flask reddens bine litmns instanta- 
neonsly. It is an acid body called nitric acid. Analysis has proved 
that it is a ternary body, composed of nitrogen, oxygen and hydro- 
gen, viz., N',08,H. Nitrogen being, however, a pentad element, it 
follows that in 2^0311 (which we may view as obtained by the com- 
bination of one molecnle of N2O6 with one molecule of OH3) six 
atoms of dyad oxygen and two atoms of monad hydrogen cannot be 
imited directly to two atoms of nitrogen ; bnt that the two atoms of 
hydrogen link themselves' to two atoms of oxygen to form two semi- 
molecnles of the componnd radical hydroxyl. This may be shown 
grraphically as follows : — 

o 

II II II 

0=N— 0— N=0 + H— 0— H = 20=N— 0— H. 

one molecnle of anhydrous If aOs must therefore give rise to two mole- 
cules of nitric hydrate or nitric acid, the atom group NO2 remaining 
unchanged, like the group S02, in SO2H02. 

The pentad element nitrogen links together two atoms of dyad 
oxygen and the monad radical hydroxyl, and we therefore write the 
graphic formula of nitric hydrate or nitric acid—* 

O 



0=N— 0— H. 

, The distillate collected in the receiving flask consists of a more or 
less concentrated solution of nitric acid. It attracts moisture from the 
air and holds it chemically combined, yielding it up again only by 
Tound-about processes, and not without suflering partial decompo- 
sitiou- 

• On warming the flask ruddy fumes of a suffocating and poisonous 
nature are given off, and the remaining liquid becomes colourless or 
nearly so. The volatile gaseous portion consists of lower oxides of 
nitrogen. It is evident therefore that the affinity which nitrogen 
possesses for oxygen in nitric acid is not sufficient even to resist its 
partial decomposition by simple distillation. 

The liquid remaining in the retort solidifies on cooling to a 
saline crystalline mass of hydric potassic sulphate. It is possible 
under given conditions, e.^., excess of acid, to obtain a sulphate in 
which only half the Ho is replaced by Ko. Such salts are called 
cudd salts. Only dibasic or dihydric acids are capable of forming acid 
salts. Monobasic acids (such as nitric acid), containing one replace- 
able Ho, can only form one kind of salts. 

The action of sulphuric acid upon nitre or potassic nitrate is ex- 
pressed by the equation-— 

HOaKo -h SO2H0, = HOaHo + 'SOjHoKo. 

Hydric potassic 
sulphate. 
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A more dilate nitric acid formed from one molecule of IftOsy and 
four molecules of water is a mtLch more stable liqnid. The degree of 
hydration in the case of nitric acid, as in that of other acids, is 
generally not expressed by the formula assigned to the dilute acii 

Nitric acid forms with metallic oxides, hydrates, or carbonateSi 
salts called nitrates* which are all soluble in watery ex. gr. 

KHo -f irO,Ho = HOaKo -h OH,. 
CaHo, + 2ir02Ho = J ^* Cao" -h 20H,. 

PbO + 2NOjao = JJ^'Pbo' + OHa 

/NO, j\ 

BlaO, + GHOaHo = 2( NOaBio'"^ + 30H,. 

\NOa ./ 

In the calcinm and lead salts two molecules of nitric acid are united 
by the dyad compound radicals Cao", Pbo", in the bismuth salt three 
molecules of acid are held together by the triad compound radical 
Bio'". These salts are represented graphically thus : — 

0=N— O— Ca— 0— N=0 0=N— 0— Bi— 0— N=0 

& ! & i & 



0=N=0. 



Expertment 66. — Heat a Bmall quantitj of dry plumbic nitrateTpowdered) 
in a retort of bard glass. Ck)nnect the neck of the retort with a U-tube rar- 
roonded with cold water, or better still, witb a freezing mixture of ice and mlL 
The lead salt melts and decomposes. Ruddy fumes of nitric peroxide oome off, 
which condense in the U-tube. Oxygen escapes through the open drawn-out end 
of tibe tube. Test the gas with a slowing chip of wood ; the wood is rekindled* 
Collect a httle over water by attaching a delivery tube to the U-tube. 

A dark brown powder is left in the retort, turning orange-yellow 
on cooling. It consists of plumbic oxide, 7bO. The deoompositioxi 
may be expressed by the equation — 

;g;pbo"=Pb + {58: + 0. 



This experiment proves — 

1. That plumbic nitrate is converted by heat into plumbio 
oxide. 

2. That nitric anhydride, IfaOs, is given off, but that it breaks 
up immediately into oxygen, and a gas of a ruddy coIouTi 
I^aOi or nitric peroxide which can be condensed to a liquid. 

Quantitative measurement of the oxygen evolved from a given 
* The action of nitric acid upon metals will be explained below. 
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qnantiiy of plnmbic nitrate has proved that it forms exactly •} of the 
total oxygen contained in nitric anhydride, and the breaking np of 
the molecule mnst therefore take place according to the equation : — 

ir,05 = Ha04 + ; 

and as the Na in IF2O4 forms a chemical compound with O4, it is 
obvious that the nitrogen atom could no longer be pentavalentic, as 
four atoms of dyad oxygen can no longer satisfy the combining powers 
of two atoms of pentad nitrogen. It is also apparent that if nitrogen 
acted as a tetrad element in If 2O4, there would be no connection 
between the two atoms of nitrogen, thus : — 

0=N=0 
0=N=0. 

It is therefore probable that the connection between the two 
nitrogen atoms still exists, even without the intervening oxygen 
atom, and that nitrogen retains its pentad nature, thus : — 

0=N=0 

I 
0=N=0 

The fact that the atom of oxygen which linked together the two 
groups of NOa in If aOs is so easily driven out by heat, shows — 

3. That a marked difference exists between the chemical affinity 
which the two atoms of nitrogen in 1^205 exhibit for the 
different atoms of oxygen. 

The yellow liquid collected in the U-tube boils at 22° C, 
and solidifies to a mass of colourless crystals at — 13° C. The 
crystals dissolve at first to a colourless liquid, which turns 
yellow as the temperature rises and becomes at last red. Blue 
Wns-paper is tnr^d red by the puffs of ruddy vapour expelled 
from the liquid ; and the compound N2O4 was therefore thought to 
be an acid body, and was called hyponitric acid. This reddening of 
the Ktmus is, however, due to the water in the. paper, with which 
IfaO^ undergoes a decomposition, and the name hyponitric acid is 
quite inappropriate. A most interesting change takes place when 
the ruddy vapour of If 2O4 is passed into a solution of potassic 
hydrate. Complete absorption of the gas is observed to take place, 
and the liquid loses its alkaline properties. On examining the pro- 
ducts thus formed, we find two different salts, potassic nitrate, 
IFO2K0, and potassic nitrite, of the composition WOKo. The acid 
corresponding to this latter salt is WOHo, containing one atom 
of oxygen less than nitric acid. It is called nitrous acid. The 
change may be expressed by the equation — 

{ HO "^ ^^^^ ^ NO2K0 + NOKo + OH2. . 

Nitrous acid, on combining with bases forms well characterised 

G 



82 NITRITES. NITROUS ANHYDRIDE. 

salts called niirUes. In the free state, however, it is extremely 
unstable. It cannot be preserved at the ordinary temperature, 
without undergoing decomposition, according to the equation : — 

3NOHo = NO2H0 -f HjO, i- OHa. 

The following considerations render it probable that three atoms 
of oxygen in nitric anhydride are held less firmly by the nitrogen 
atoms than the other two atoms of oxygen. 

In the molecule of nitric anhydride represented graphically by 
the formula — 

0=N=0 



• • 

0=N=0 
the oxygen atom in the dotted square is the first to go ont^ 

jgr\^ (nitric peroxide). 

0=N=0 



0=N=0 

In both formulflB nitrogen acts the part of a pentad element. 

1^204 would appear ' to contain an atom of oxygen less firmly 
united with the nitrogen atom ; viz., the oxygen atom which has 
been placed within a dotted square — 

0=N=0 

0=N= i Ol 



In the molecule of nitrous anhydride, Zf3"'03, nitrogen is a triad 
element, two of its bonds becoming latent, thus : — 

0=N-0-N=0 

It is evident from a glance at this formula that the oxygen atoms 
of 1^204 must rearrange themselves, for we have again an atom of 
oxygen linking together the two nitrogen atoms, as in nitric anhy- 
dride. 

In consequence of the unstable nature of free nitrous acid, it caa 
be employed for purposes either of oxidation or reduction, as we 
shall see hereafter. Nitric peroxide breaks up according to the 
equation — 

N2O4 -f OH, = NO2H0 -f NOHo ; . 
and nitrous acid according to the equation — 

SHOHo = HOaHo + ir.O, + OH2, 
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Fio. 51. 



leaying as the ultimate products of decomposition of 1^204 only 
nitric acid and a colourless gas called nitric oxide, TizOt. 

Bxperlment 61, — Introduce some copper turnings or clippings into a two- 
necked Woulfe's bottle, A, prorided with a funnel and delivery-tube, B and C, Fig. 
61. Nitric acid, diluted with 
about half its bulk of water, 
is then poured through the 
fimnel into the bottle, whioh 
may be placed in a basin 
of cold water. The evolu- 
tion of red fumes soon 
begins, and the air is gradu- 
ally displaced by the gas. 
The red fumes within the 
bottle disappear (a sign that 
the air has heen displaced), 
and at last the gas which 
oomes off appears quite 
colourless. As soon as the 
sas which issues from the 
delivery-tube comes in con- 
tact with the air, it turns 
reddish brown. The fumes of this reddish brown gas are injurious when 
inhaled ; the experiment must therefore be conducted in the open air or in a 
closet with sliding windows, and in a good draught. A glass cylinder is now 
filled with water rendered slightly alkaline by means of a few drops of sodic 
hydrate (in order to absorb any fumes of nitric acid that may be carried over), 
and inverted over the shelf of the pneumatic trough, and the gas collected in 
the usual manner by the displacement of the water in the cylinder. A perfectly 
colourless gas is thus obtained. The cylinder, when full, is dosed under water by 
means of a glass plate, and then removed with its gaseous contents. On intro- 
ducinji^ several folds of litmus-paper moistened with water that is rendered 
■lightly alkaline by means of a few drops of sodic hydrate, the gas turns instan- 
taneously reddish brown at the mouth of the cylinder, where it comes in 
contact with the air. The blue litmus is seen to turn red as rapidly as the 
ruddy fumes form. When the cylinder has been filled half way down with 
these fumes, the glass plate is replaced and the lower part of the folds of litmus- 
paper is seen to remain blue in the colourless portion of the gas, whibt the upper 
part turns intensely red. 

This experiment proves that the colourless gas obtained by the 
action of copper npon nitric acid is not an acid body, and that by 
mere contact with air it is converted into reddish-brown acid fumes, 
which are absorbed by water or by sodic hydrate. Since the oxygen 
and moisture of the air convert l5ie colourless gas into an acid with 
which we have already become acquainted (viz., into nitrous acid), 
it is reasonable to suppose that the colourless gas is likewise an oxide 
of nitrogen, containing, however, less oxygen than nitrous acid : and 
since it does not react acid, it can only be one of the two remaining 
oxides, i.e., it must be either IFsOa or ON2. Now quantitative ex- 
pieriments have shown that the gas is composed of two atoms of 
nitrogen and two atoms of oxygen. It is written symbolically and 
graphically— 

/HO 
INO 



N=0 

L 



a 2 
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an atom of nitrogen being linked to another atom of nitrogen, 
leaving two more bonds free in each, which are satisfied by an atom 
of dyad oxygen. 

The reaction* which took place when copper was treated with 
nitric acid must, therefore, be expressed by the following equation — 

3Cu -h 8NO2H0 = sJJq'Cuo" + H2O2 + 40H„ 

and the deoxidation of a molecule of If sOs, which we have previously 
seen accomplished, step by step, first to If 3O4, then to 1^203, and 
lastly to 1^202, is in this reaction attained at one leap. 

Other metals, e.g., lead and mercury, are acted upon by nitric 
acid in like manner, i.e., they are converted into nitrates — 

3Pb + 8NO2H0 = 3jf Q^Pbo" + N2O2 + 40H,. 

3Hg-f 8NO2H0 = sJ^^Hgo" + HaO, + 4OH2. 

Others, again, deoxidize nitric acid to a less extent, such as tin 

and silver — 

6Sn + 2ONO2H0 = SOftOftHoio + 5OH2 -f ION2O4. 

Metastannio Nitric 

acid. peroxide. 

4Ag + 6NO2H0 = 4N02Ago + N2O3 + 3OH2. 

Nitrous 
anhydride. 

4Zn + IONO2H0 = 4jJ^*Zno" + ON, + SOHj. 

Nitrous 
oxide. 

In this latter reaction, however, the colourless gas ONj, called 
nitrous oxide (also known as laughing gas), is never free firom the 
higher oxides, 1^302, 1^203, 1^204 ; and the reaction is not nearly 
so perfect as that which took place when copper acted upon nitric 
acid. We may sum up by saying, th<it ruddy vapours resvU from 
the action of nitrin acid upon metals. 

Nitric acid oiddizes likewise most of the metalloids with evolu- 
tion of red fumes. Powdered charcoal, when treated with IFO2H0 
at a high temperature, decomposes it entirely with formation of 
carbonic anhydride and nitrogen. Sulphur is gradually oxidized 
into sulphuric acid; metallic sulphides into sulphates. Phos- 
phorus is oxidized into phosphoric acid. Dilute nitric acid (sp. gr. 
1*20) should be employed, and small pieces of phosphorus only 

* There is inyariablj some ammonia (NH3) formed in this and other similar 
reactions, and it would appear, therefore, that water, under favourable circum* 
stances, takes part in the change. 
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slioiild be introdnced into the hot acid at a time. By employing 
amorphons, or red phosphoms, the danger of an explosion is avoided. 
Iodine is oxidized by strong boiling nitric acid into iodic acid, 
according to the equation : — 

6HOaHo + la = 2 { J^o + 2®^» + ^^^^' + ^^^'' 

Iodic add. 

Wood, wool, horn, skin, silk, are stained yellow by dilnte acid, 
and are converted by concentrated nitric acid into compounds of 
great practical importance, such as oxalic acid, gun-cotton, etc. 

The five compounds which nitrogen is capable of forming with 
oxygen illustrate very well the law of constant combining propor- 
tions, according to weight and volume, as will be seen from the 
following table : — 

By volume. 
2 vols, of N, and 
1 vol. of O. 



Nitrous oxide. • . . ONa 



By weight. 

28 -f 16 = 44. 



•Kfj. .J «v ri 2 vols, of N, and 

Nitnc oxide .... N2O, g vols, of 

Nitrous anhydride N2O3 3^^013, of O^ 

xr-i. • -J «w rk 2 vols, of N, and 

Nitnc peroxide . . KaO* ^ ^^j^ „f'o 

-KT'i' I. J 'J m^ r\ 2 vols, of N, and 

Nitnc anhydride. N2O5 ^ ^^jg ^£ q 



28 + 32 = 60. 
28 + 48 = 76. 
28 -f 64 = 92. 
28 + 80 = 108. 



We must content ourselves with merely referring in a tabular 
form to the molecular composition of these five bodies ; remarking 
that nitric oxide and nitric peroxide show anomalous molecular 

volumes — 

Specific gravity 
Molecular Molecular referred to 

weight. volume. hydrogen. 

Nitric anhydride. Hi^Oi 108* 



Nitrous oxide. . . • ON3 44 

Nitric oxide .... MjOj 60 
Nitrous anhydride H^Os 76* 



2 vols.* .... 










2 vols 







54 criths. 



4 vols 

2 vols.* .... 


















22 

15 
38 



tf 



ft 



9f 



•Ki^^ r^^^^iA^ rH,04 46 r2vol8.atO*C. Ii — 1 — f ^„ ^ ^^ .. 
Nitnc peroxide.. I J^Jg ito4vols.atl00'»C./ L-Ll ^3 ^46 cnths. 



All the preceding experiments have shown that we possess in 



* These molecular combinations have not been determined with absolute 
certainty, and the above figures represent merely their probable composition. 
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nitric acid (sometimes called aqua foriis) a powerfiil solyent for 
metals. This is owing either to the mobile nature of three out of 
the five oxygen atoms contained in each molecnle; or to the 
slight resistance which the acid offers to the deoxidizing action 
of the elements, especially metals, whereby the nitric acid is partially 
or entirely deprived of its oxygen. Grold and platinum are not 
affected, t.e., not oxidized, by nitric acid when in an unalloyed 
condition. 

Aluminium strongly resists the action of nitric acid, even at a 
boiling heat. 

Tin and antimony are converted into oxides, insoluble in nitric 
acid. Concentrated nitric acid does not act upon iron and tin at the 
ordinary temperature, though it dissolves them rapidly when 
diluted. When iron is immersed in concentrated nii^ric acid (sp. gr. 
1*45), it remains unacted upon ; and when subsequently placed in 
dilute acid, without first being wiped, it cannot be dissolved ; it is 
said to assume the passive state. The cause of this peculiar action 
has not yet been satisfactorily explained. 

Comparatively few of the nilrates are commonly met with ; the 
most important are — 

Potassic nitrate (nUrOy saltpetre) If O2K0. 

Sodic nitrate (cubic mtre^ or GMU 1 --q ^ 
saltpetre) j 

Baric nitrate .... jgrs^^' 



• 



Strontic nitrate if o'^^' ' 

Cobaltous nitrate zLr^Ooo". 

Plumbic nitrate Hn*P^"- 

NO3 

HO,— 1 

Bismuthous nitrate W O^io'". 

H0,_| 

Argentic nitrate {hinnr caustic) IFOaAgo. 

Mercuric nitrate S^'Hco". 

IfOa * 

A mixture of six molecalos of hydrochloric, and two molecules 
of nitric acid, is called aqua regia or nitro-hydrochloric acid — 

2NO2H0 -f 6HC1 = N.CCli + 4OH2 + Cla. 
The compound IF3O3CI4, chloronitric gas, graphic formula — 
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18. Calculate the percentage composition of potassic nitrate. 

19. How much argentic nitrate can be prepared from ten ounces of metallic 

silyer ? 

20. What evidence have jou to adduce that nitrogen occurs as a pentad, as'a triad, 

and as a monad element ? 



Chapter XV. 
AMMONIA. 

Free hydrogen and nitrogen possess very little affinity for one 
another, so that they cannot he united directly. A terhydride of 
nitrogen (three atoms of hydrogen and one atom of nitrogen), called 
ammonia, is known. This is for the most part derived from the 
nitrogen contained in nitrogenous organic substances, such as coal, 
hair, horn (whence its ordinary name of spint of hurtshom), skin, 
sinews, etc. The greater part of the animal body (fat excepted) 
consists of organic substances rich in nitrogen; and they aU 
yield, under certain conditions (dry distillation, putrefaction, etc.) 
the pungent gas called ammonia. 

Kxpertment 68. — Bub together in a mortar a mixture of pulverized 
unslaked Ume and caustic soda (called soda-lime) with some animal substance, 
such as glue, white of egg, horn shavings ; then introduce the mixture into a test- 
tube, and apply heat. A pungent gas is given off, which turns red litmus- 
paper blue, and yields white fumes when a glass rod moistened with dilute 
hydrochloric acid is held in the gas. 

ExpertDient 69. — Treat a little zinc with dilute sulphuric acid ; hydrogen 
gas is evolved — 

Zn + SOaHoa = SO^Zno" -f Ha. 

Add now, drop by drop, dilute nitric acid. The evolution of gas ceases, but 
the zinc nevertheless disappears. The hydrogen combines with the elements of 
nitric acid to form water and ammonia, which latter immediately enters into 
combination with the acids : — 

(1) 4Ha + NOaHo = WH3 -f 30Ha. 

(2) NH3 -f NO2H0 = N0a(ISrH40). 

2NH3 + SO2H03 = S0a(NH40)a. 

A similar reaction takes place when zinc is dissolved in 
moderately dilute nitric acid. Owing to a secondary reaction, 
hydrogen and nitrogen combine to form ammonia, and zincio and 
ammonio nitrate are left — 

(1) 4Zn + SNOaHo = 4jjQ=^Zno" + 4Ha. 

(2) 4Ha -h NOaHo = NHs -f 30Ha. 

(3) NH3 + NOaHo = N0a(ira40). 

Quantitative experiments have shown that ammonia gas consists 

of H3 and N, and its composition is expressed by the formula If H3. 

The action of nitric acid upon zinc is invariably accompanied by 
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the formation of lower oxides of nitrogen, ON9, IF3O3, etc., wliich 
offer little resistance to the action of the hydrogen, and yield under 
&yonrable circnmstances nitrogen and water. Both nitrogen and 
hydrogen, when in the nascent state, i.e., at the very moment* of 
their Hberation, combine and form ammonia, IFHs. The solution 
contains a considerable amonnt of amnionic nitrate, which may be 
proved by heating some of it with a little soda-lime. 

Experiment 9#* — Heat some ammonic nitrate in a Florence flask, provided 
with a dcliyerj-tube, or in a small retort (Fig. 62). The salt melts, boils, and 




Fio 62. 

gmdually breaks up into nitrons oxide (or laughing gas), ONj, and steam. Th« 
gas may be collected over water. 

The decomposition of ammonio nitrate takes place, aocordinpr to 
the equation : — 

ttOt(KE,0) = ON, + 20H,. 

Nitrous oxide is a colourless gas, with a slight smell and a 
sweetish taste. Its specific gravity, compared with air, is 1-627 ; its 
volume weight (H = 1) is 22. One litre of ON, weighs 22 x 
•0896 grm. = 1*9712 grm. Nitrous oxide, when mixed with air, 
undergoes no change. Water absorbs it to a certain extent (1*3 of its 
volume at 0** C). A glowing piece of charcoal, when introduced into 
the gas, bums almost as brilHantly as we saw carbon bum in oxygen 
(comp. Exp. 22). A glowing splinter of wood bursts into flame, and 
bums brilliantly in tne gas. Atmospheric air, we know, sustains 
respiration. (Certain animals are able to breathe nitrous oxide 
(which we may view as an air considerably richer in oxygen -— 86'4 
P.O.) with impunity for several hours. When inhaled by man, it 
produces a characteristic kind of exhilarating intoxication, which is 
sometimes accompanied by immoderate laughter ; hence its name 
laughing gas. Pure gas only should be employed for purposes of 
inhalation. Nitrous oxide has of late been recommended as an 

* The elements may be supposed to exist for a moment in the unoombSiied 
•tate. 
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mn€Bsthetic, or agent for suspending the mental and sensorial ftinc- 
tions during dental and surgical operations. 

Amnionic nitrite heated in like manner yields nitrogen and 
water, according to the equation — 



»ni 



OCNH^O) = N, + 2OH2. 



Bxpcrlment 91< — ^Fill a wide-mouthed bottle 
or cylinder with ammonia gas, by rinsing it out 
with a few drops of strong solution of ammonia 
(the liquor ammonuB of the shops) ; cover it with 
a glass plate. Another cylinder or bottle is filled 
with hydrochloric acid gas. The two bottles or 
eylinders are then phu^ together (as seen in 
Fig. 58), and the glass plates withdrawn, so that 
the mouth of the inverted vessel containing the 
hydrochloric acid gas rests almost air-tight on 
the mouth of the lower vessel. Both gases are 
seen to mix, and to combine, producing <^uds of 
white fumes. 




h-j. 
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These clouds are deposited on the sides of the glass vessels as a 
white salt, called ammonic chloride ( aaUammonidc), a compound of 
the ammonia and hydrochloric acid gas — 

N'^Hs + HCl = N^TEiCl. 

The nitrogen atom in If H3 is combined only with three atoms 
of hydrogen, and is therefore triadic ; but it is also clear from the 
avidity with which If H3 combines with HCl, that two more afi&nities 
remain latent, one of which can become satisfied by hydrogen, the 
other by chlorine, thus : — 



H 



H 

H— N— H 

\ 

01 



/ 



BxperlmeMt 9S* — Heat ^^enUy in a test-tube a concentrated solution of 
ammonic chloride in water, with sodic or potassio hydrate. Ammonia gas is 
evolved, according to the equation — 

KH4CI + NaHo = KH3 + NaQ -h OH2. 

and is readily recognised, 1st. by its characteristic pungent odour ; 2nd. bv its 
action upon red Utmus-paper or turmeric-paper (changed ^m red to blue, and from 
yellow to brown) ; and 3rd. by the white clouds which it produces when a glass 
rod, moistened with dilute hydrochloric, sulphuric, or nitric acid is held at the 
mouth of the test-tube. 

Ammonia forms witji these acids the respective salts — 



NH, -f HCl 
2NH3 -f SOaHoa 
HH, -h WOaHo 



If EUCl (Ammonic chloride). 
SOj(NH40)2 (Ammonic sulphate). 
If Os(Zf H4O) (Ajnmonic nitrate). 
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The compound NH4 appears to be capable of existing only as an 
amalgam.* It is obtained bj mixing sodium-amalgam (Hgn Na^) 
with a concentrated solution of ammonic chlorid< 



Hg„Na„ + „WH.C1 = Hg„(NH.)„ + „NaCl. 

Na exerts its well known affinity for CI, forming with it sodic chlo- 
ride ; 2Hgn no change, (NH*)^, breaking up very rapidly into 2nHg, 
2mXrHs, and mHa, which is evolved. On account of its salts possess- 
ing a marked siii^arity with potassic and sodic salts, the existence 
of a hypothetical metal ammonium, NH4, has been entertained by 
chemists. Ammonium is affected like the alkali metals, potassium 
and sodium. Its haloid salts, NH4CI, NH4I, NHiBr, which are 
well defined salts, can therefore also be viewed as derived from 

NH3 + H + CI = NH4CI. 

MHa 4- H 4- I = KH4 1 (Ammonic iodide). 

IfHs + H + Br = NHiBr (Ammonic bromide). 

by assuming that the atom hydrogen attacks the molecule MHa first, 
forming with it NH4, or the hypothetical metal called — in accordance 
with the terminology adopted by chemists — Armnonium. Since this 
metal combines with one atom of chlorine, it must be viewed as a 
monad, like potassium or sodium ; and as it consists of one atom of 
nitrogen and four atoms of hydrogen, and yet acts the part of an 
element, it is called a compound radical. It is usually written 
Am, instead of NH4, forming ammonoxyl, A mo, analogous to the 
radicals Ho, Ko, etc. 

Ammonic hydrate formed, according to the equation — 

NH, + OH2 = NH4H0, 

appears likewise to have only a hypothetical existence, as no chemical 
combination seems to take place between the water and the ammonia ; 
for the gas gradually escapes on exposing the solution to the air, 
and no definite compound of ammonia and water has been observed. 
The escape of the gas from the solution is marked by the production 
of intense cold : i.e., much heat becomes latent, when ammonia is 
converted from the liquid to the gaseous state. This property has 
found a practical application for refrigerating purposes, and for pro- 
ducing ice artificially. 

Ammonic chloride, sulphate, or nitrate, are best obtained by the 
action of the respective acids upon the ammonic hydrate: — 

AmHo 4- HCl = AmCl + OH,. 

2AmHo -f SOaHoa = SO»Amoa + 20H,. 

AmHo -f NOaHo = NO»Amo + OH,. 

Bxperlment IS. — Heat a little sal-ammoniac in an iron epoon, or on 



* Compounds of the metal mercury with other metals, are called €nnalff€un9. 
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plafcinmn foil. White fumes are given off. When heated in a test-tube, the 
nunes condense in the upper or colder part of the tube; the salt sublimes 
unchanged. 

Most salts of ammoninm volatilize npon ignitioii. 

This property renders ammoniiini salts of great value in chemical 
analysis. 

A solution of ammonia gas in water, is indispensable in the 
laboratory. It is therefore important to study its preparation and 
properties. 

Expertment 14. — Ammo- 
nia gas is very soluble in water. 
This may be shown by heating 
a little strong ammonia in a 
small retort (Fig. 54), and filling 
a dry flask with the gas by down- 
ward displacement, and when 
full, plunging the mouth of the 
flask rapidly imder water. The 
latter rushes in most eagerly. 
The liquid which is lefl; in the 
flask reacts alkaline. Water 
absorbs about 700 times its bulk 
of the gas. 

A concentrated solution of 
ammonia is obtained by distil- 
ling in a flask a mixture of sal- 
ammoniac and calcic hydrate. 

The gas is made to pass 
through a wash-bottle, containing 

a little water, and from thence through one or more Woulfe's bottles, filled 
about three-fourths with water (as shown in Fig. 41). The delivery-tubes 
must reach nearly to the bottom, as aqueous ammonia is lighter than water. 

Ammonia gas is obtained dry by passing it over freshly-burnt 
lime.* It may be collected by displacement (imperfectly), or over 
mercury. 

Its composition by volume and by weight has been carefolly 
determined. 

The volumetrical composition of ammonia cannot, however, be 
demonstrated so readily, as, for instance, that of steam or hydro- 
chloric acid gas. Ammonia is decomposed by bringing it into 
contact with chlorine ; and for every three volumes of chlorine so 
employed, one volume of nitrogen is left. The hydrochloric acid, 
resulting from the combination of hydrogen and chlorine, combines 
with the excess of ammonia, and forms the solid salt, irH4Cl. 

By pafising electric sparks for some time through dry ammonia 
gas, placed in a eudiometer-tube over mercury, the gas is slowly 
decomposed into its component elements, hydrogen and nitrogen. 
The gas volume is seen to increase gradually, till the original volume 
has been doubled. The four volumes of mixed gases were found on 

* Calcic chloride cannot be used, because it absorbs a considerable quantity 
of the gas ; nor oil of vitriol, because ammonia combines with the acid with explo- 
sive violence. 
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analysis to consist of tliree Tolomes of hydrogen and one yolnme of 
nitrogen ; and one yolnme of ammonia gas is derived from 
H volnmes of hydrogen and i of nitrogen, weighing respectively 
•1038 and 4856, total = '6894 (sp. gr. of H = '0693, and of N = 
•9712, when compared with air). 

Direct estimation of the specific gravity of anunonia gas (com- 
pared with air) gave the number '597, from which the above 
differs bnt little. 

The percentage composition is readily found by rule of three cal- 
culation, viz. : — 

Hydrogen 17*61 

Nitrogen 82-39 

The molecular weight of NH3 is 17. The specific gmvityof 
ammonia gas compared with hydrogen, is therefore 8*5, and one htre 
of ammonia gas weighs ^ = 8*5 X '0896 grm. = '7616 grm. 

A few compounds of ammonia briefly claim our attention, as 
they constitute some of our most important reagents. 

Experiment IS. — Measure out two equal portioxu of a ■olution of 
ammonia or ammonic hydrate, also called simply ammonia. Pass through odb 
portion a brisk current of sulphuretted hydrogen gas, as long as the gas eon* 
tinues to be absorbed. (The apparatus described for the preparation of chlorine 
water answers admirably.) Then add the second portion to it, and a solution of 
ammonic sulphide, S Amj, is obtained. 

By completely saturating a solution of ammonia with sulphu- 
retted hydrogen, we obtain a solution of hydric ammonic sulphide, 
AmHs, m which the compound radical hydrosulphyl, Hs, has taken 
the plaoe of the hydroxyl, thus : — 

AmHo + SH, = AmHs + OH,. 

On then adding AmHo to this solution, ammonic sulphide is 
obtained, thus : — 

AmHs + AmHo = SAmi + OHs. 

Kxperlment 16. — Fill a cylinder with dry carbonic anhydride gas, and 
another cylinder of double the size with dry ammonia gas. On brineing the 
mouths of the two cylinders towards each other, the two gases rush together, and 
form the compound sNHs^COs. This body attracts moisture rapidly, and dissolyea 
to a salt having the composition OO Amoj, ammonic carbonate. 

Experlmeiit 19. — Pass a current of OO^ through a concentrated eolution 
of ammonia as long as any gas is absorbed. On setting the solution aside for 
crystallisation beautiful colourless rhombic prisms are obtained, which haye the 
composition OOHoAmo (hydric ammonic carbonate). 

Notice the smell of the crystals. 

Solutions of both these ammonium compounds are employed in 
the laboratory. 
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QUESTIONS AND EXERCISES. 

1. Which are the chief sonrces whence ammonia and its compounds are 

derived ? 

2. Ton haye erren to jou some coal and soda-lime. Show how jou would 

prepare If H3 fifom these materials. 
8. Explain the formation of ammonia hj the aid of dilute sulphuric acid, 
metallic zinc, and dilute nitric acid. Express the changes hj equations. 

4. How would JOU prepare, Ist, nitrogen ; 2nd, nitrous oxide gas? 

5. What are the properties of nitrous oxide ? 

6. Tou have given to you 25 grms. of pure ammonio nitrate. How much 

laughing-gas, by weight and by volume, can you prepare from it ? 

7. Write out the symbolic and graphic formules for ammonia, ammonic bromide, 

carbonate, and hydric ammonic sulphide. 

8. Explain the terms (wtal^ctrnf nascent state, sal-ammoniacs^ spirit of hartS' 

horn. 

9. Describe the formation of ammonium-amalgam, and give reasons why the 

group of elements, NH4, is considered to be a metal. 

10. Why are NH4 and AmHo considered hypothetical compounds ? 

11. How would you show experimentally that most ammonium compounds can 

be voUxtilized and sublimed ? 

12. What space will 5*324 grms. of ammonia gas occupy at 15** C, and 745 mm. 

barometric pressure ? 

13. How are neutral ammonic sulphide and hydrio ammonic carbonate pre- 

pared? 

14. How would you prepare dry ammonia gas ? 

16. How is a concentrated solution of ammonia in water (liquor ammomat) 
prepared? 



Chapter XVI. 

THE OXIDES OF PHOSPHORUS AND ARSENIC. 

Phosphorus, when pure, is a wax-like, faintly yellow, semi-opaqne, 
solid body. It is generally sold in the form of sticks. It melts 
readily at 44** C, and becomes then of a yellowish syrupy con- 
sistency. It can be distilled, its boiling-point being 288° C. 
Phosphorus volatilizes, however, far below its boiling-point. Its 
great inflammability constitutes its most characteristic property. 
Friction may set it on fire. Dry phosphorus when exposed to the 
air combines slowly with oxyg^i, and its temperature is often raised 
so considerably by this slow combustion that it melts and inflames 
spontaneously, especially in warm weather. It has therefore to be 
preserved in cold water, in which it is quite insoluble. 

We have ah'eady seen (comp. Exp. 21) that phosphoric anhy- 
dride results from the combination of phosphorus with oxygen. 

Experiment 18. — Small quantities of this body maj be prepared by 
burning some phosphorus placed in a little porcelain capsule under a good-sized 
bell-jar resthlg on a plate as seen in Fig. 55. The phosphorus should be well 
dried, and the bell-jar wiped quite dry. A snow-white powder ie depoeited on 
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irhite powder hu a grekt affloil^ for 
water, with vhloli it combine* with % 
hissing noise. On accoiiot of this great 
attraction for water it is often uied u 
H dehydralaig agent. 

Analyaia has proved that tbia 
white body coosists of 2 atoms 
of pentad phoBphoms, and 5 
atoms of oxygen ; hence we write 
ite symboUc fornnda Vg^Os, and 
its graphic formula : — 



.1=0. 



0=P— O— ] 

Phosphoric anliydride combines with water to form the hydrated 
acid, thos ;— 

P.0, + SOH, = 2P0Ho,. 
Phoipliorio Fhospfaorio 

anhydride. nod. 

There exist three phosphorie hydrates, differing markedly in 
their properties when in combination with bases. 

If a eolation of phosphoric acid be evaporated in a platinom 
vessel till it has acquired a sympy consistency, hard tr^isparent 
crystals of trihydric acid are obtained. At a higher temperature 
(160" to 210°) water is given off slowly, and the tetrahyiio acid 
ie left, called pyrophosphoric acid (from vup, Sre), on account of 
its being produced &om the trihydric acid by the application of 
heat according to the equation : — 

2P0HO, = PiOjHo* + OHj. 

PjpopliOBphorio 

At a red heat the pyrophosphoric acid loses a molecule of water, 
leaving two molecnles of the monobydric or metaphosphorio acid, 
thus: — 

P,0»Ho4 = 2P(XHo + OH,. 
Uetaphosphoric 

The trihydric acid is also called orGtophoaphorie add (irom epBot, 
right), and common phosphoric acid, because it oocnrs in the phos- 
phates most commonly employed in the arte. It contains 3 atoms 
of the compound radical hydrozyl, and is capable of forming witli 
the monad radicals potassozyl or sodoxyl, by the partial or total 
displacement of the hydroxy! in the aoid, three diflereat Idnds of 
salts called orthophosphates, viz. : — 
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iPONaos, Trisodic phosphate. 

POHoNaoa, Common, or hydric disodic phosphate. 

POHojNao, Dihydric sodic phosphate. 

When phosphoric hydrate, or phosphoric acid, is neutralized with 
sodic hydrate and then evaporated to crystallisation, the second 
salt is obtained in large transparent, oblique rhombic prisms, which 
effloresce rapidly in the air. These crystals contain water of crys- 
tallisation, and the salt has the composition yOHoNaoj + 12Aq. 
(Aq., abbreviation for aqua, water, standing for water of crystalUsO' 
tion). A solution of this phosphate gives, with a solution of argentic 
nitrate, a yellow precipitate oi triargentic phosphate, — ^Ago (argent- 
oxyl) replacing the hydroxyl and sodoxyl, thus : — 

POHoNaoa + SNOzAgo = POAgOg + 2NOaNao + WOjHo, 

the liquid being acid. 

Expertnient 99. — Heat gently a small quantity of the ordinary hydrio 
disodic phosphate in a porcelain dish on a water-bath (Fig. 56). The salt fuses 
first in its water of crystallisation, then swells up, and 
gives off pufis of steam, the water escaping from under- 
neath the crust of the solidified salt. Cease heating 
when no more water escapes, and the liquid salt 
becomes once more solid. On dissolving a small por- 
tion of the white mass in water, and adding a solution 
of argentic nitrate, the same yellow precipitate will be 
obtained which the salt gave before being heated. It 
has not been changed beyond losing its 12 molecules 
of water of crystallisation. On dissolving in hot 
water, and allowing to crystallise, the original rhombic 
prisms are obtained once more. 

Heat some of the dry salt in an iron spoon, or, 
better, in a platinum vessel, to a strong red heat over a ^'®* ^®' 

gas flame. Water is again expelled — the water which 

formed part of the salt, so called water of constitution — and on dissolving a little 
of the white saline residue in water, and adding a solution of argentic nitrate, a 
white precipitate is now obtained, and the solution is neutral, an indica- 
tion that the salt has imdergone a change. On dissolving some of the ignited 
mass in hot water, and setting it aside to crystallise, the solution no longer 
deposits CTvstals of the original salt, but of a salt which, on analysis, is foimd to 
consist of P208Nao4 (sodic pyrophosphate). 

Its formation is expressed by the equation : — 

2POHoNao2 = PaOsNao* + OHj. 

This salt contains no longer trihydric, but tetrahydric phosphoric 
acid, PsOaHof, called pyrophosphoric acid. 

Expertment S9« — ^We are acquainted with a characteristic salt of ordinary 
or oriho^osphoric acid,, called microcostnic saU^ or hydrio ammonic sodic phos- 
phate (rO Ho Amo Nao + 8 Aq). This salt may be readily prepared by 
dissolving 6 to 7 parts of the common sodic phosphate of commerce, and 
1 part of ammonic chloride in 2 parts of boiling water, and allowing the liquid 
to crrstallise in a cool place. On heating the salt in the same manner as was 
done in the previous experiment, a clear transparent mass is left, which, if slowly 
cooled becomes crystalline ; it now deliquesces in air, and dissolves very readily in 

H 
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water. The aqueous solution when ahnost neutral, gnyes with arsentio nitnte a 
white precipitate. The supernatant liquid is neutrsQ. Water of crystallisation 
and ammonia are ffiven off, and the salt, PO^Nao (sodio metaphosphate), is left, 
which contains no longer trihjdric, but monohjdric phosphoric aeid. 

The change may be expressed by the eqnatioii : — 

POHoAmoNao = POsNao + ITHa + OH,. 

Sodic 
Metaphosphate. 

We have thus become acquainted with three modifications of 
phosphoric acid, not to speak of other forms, viz. :— 

1. Common or orthophosphorio acid, POHos (trihydric or 

tribasic). 

2. Pyrophosphoric acid, P2O8H04 (tetrahydric or tetrabasic)^ 

3. Metaphosphoric acid, PO2H0 (monohydric or monobasic). 

Pentad phosphorus being invariably the grouping element, these 
acids are written symbolically and graphically, thus : — 

O 

II 
POH03 H— O— P— 0— H 



A 



O 

II II 

P,OsHo4 H— 0— P— 0— P— 0— H 



i A 
i 



H 

O 

II 
PO2H0 o=P— 0— H 

A lower oxide, formed by slow and imperfect oxidation of 
phosphorus (as when it is exposed to dry air at the ordinary tem- 
perature), viz., phoepharous anhydride, consisting of 2 atoms of 
phosphorus and 3 atoms of oxygen, is obtained in the form of a 
white powder possessing the odour of garlic. Its symbolic formula 
is P"'|08, its graphic formula : — 

0=P— 0— p=o, 

the P being in the triad condition, with two bonds lefb dormant in 
each atom. Phosphorous anhydride is of interest in so far only as 
it acts as a powerml reducing agent ; i.e., owing to its latent bonds 
it can deprive other oxides of part of their oxygen. Of the xoaiij 
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reactions Uliutrative of this propco^, we will only cite 
PjOg on silver salts, thna : — 

20ig, + P,0, = 2Ag. + P,0.. 

PhoBphoma is capable of combining also with hydrogen. 

BxperlHent 81. — Introduce into 
■ Bmall retort (Tig. 67) aome coDcen- 
tnt«d solution of potauio or Bodic lij- 
drate, and b fen smoLl piecea of pbos- 
pliorus. On hrating, a gsseoiu bod; 
u erolved, vrhtch iniites apontane- 
onalj, u looa aa it laauea from the 
Kater of the pneumatic trough. Each 
gai buhhle riaei through the air mth a 
peculiar circular imat^ of white nnoke, 
which enlarge! aa it ascenda in the air. 

Fhospboros alone does not 
decompoBe water. It reqnireB 
the powerM base potash or aoda 
to indnce it to form with the 
oxygen of the water an osy-acid, 

and with the hydrogen an in- . j. _ _■ 

flammable gaa, called phospho- ■'' 

retted hydrogem, thna : — FiO' "■ 

30KH + P. + 80H. = SPOH.K0 + PH,. 

Potaasic Fboaphoretted 
h^popboaphite. hydrogen. 

Bodies which appertain to the metals rather than to the non- 
metals, BQch aa arsenic (As), antimony (Sh), bismnth (Bi), bnt 
which form compoimdfi analogous with the componnde of phosphoroB, 
most be briefly glanced at here. These elements t^e hke phosphorus, 
of a pentad nature. Arsenic, moreover, occurs in nature, closely 
associated with phoaphorne. This close resemblance extends also 
to the oxides of arsenic and their salts, the arsenates and argeniateg. 
Two oxides deserve onr attention, arienimu, JLB"'iOa, and anenie 
anhydride, As^iOi, written graphically: — 




As — — As 



In the lower oxide each atom r>( arsenic has two bonds left unsatis- 
fied ; and very interesting reactions, based apon the deoxidation of 
various higher oxides, by means of arsenions anhydride, result &am 
this property, which wiU be described hereafter. 

Arsenic is sometimes found native, bnt more frequently in com- 
bination with metals, snch as iron, nickel, cobalt, etc. When arseuio 
is comUned wiUi metals, it fi>rm8 with them anenidet, &om whidL 
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■Ships' 



100 



ARSENIDES. OXIDES OF ARSENIC. 



the arsenic can be remoTed by roasting (in a rererberatorf fiimace); 
in tbe form of a volatile oxide, wliicE is condensed in brick floes, 
and porified hj snblimation. 

Bxpertment SI. — Heat a mull q^usntity of loiiie flnet; powdered anenide, 
■uoh aa arsenical pjrites, or tmpictel, in a pisce of hard glaw tube (oombiutioii- 




part of tbe tube, and SO] passes off. 

The change takee place according to the equation : — 
Ab, + 30, = 2Aa,0|. 

BzyerlMMt BB.— B; heat- 
ing a little of the amemous aohf- 
dnde or white arsenic so obtained 

on charcoal, before the bloTpipe 
(Fig. 58), » strong garlic odour 
becomes at once perceptible, and 
white fames Moend into the sir, 
which are bighlj poisonous. The 
eiperimcnt should therefore be 
made with a rer; small quantity 
of the substance only, and in a 
place with a ^ood draught. The 
charcoal depriTes tbe arsenioui 
anhydride of its oiygen, forming 
COjandAs. Tbe metallio arsenio 
being readily volatiliied, on past- 
ing through the outer or oxidizing cone of the blowpipe flame, is partially reoon- 
*ert«d into oside, thus : — 

(1) 2A8.0, + 3C = Afl, + 3C0.. 

(2) Afi, + 30, = 2A8.0,. 

ArBenions differs from phosphorous anhydride hj poseeasing bnt 
little affinity for oxygen. It requires in fact powerful oxidizing 
agents, such as nitric acid, to convert it into arsenic acid, AsOHo,. 

Bxpeiiinent 84.— Dinolre a little powdered white arsenic in a small flask^ 
in hot hydrochloric acid (as it is but slightly soluble in wster}, and oxidize by 
means of concentrated nitric acid, as long bs ruddy fumes of XViO, are eTolnd. 
Tbe liquid is then cautiously evaporated to complete dryneas, and a little wat«r 
added to a small portion. The mass dissolies completely, showing a strongly 
add raaotioii to Unt-paper. 

The reaction takes place according to the equation : — 



AaO, + 2nO,Ho + 20H. = 



2AsOHo, + ir,0,. 
Arsenic add. 



Arsenic anWdride has, like phosphor 

"ir water. ItabsorbBmoistDrefromtheair, andgtadtully deliquesces. 



c anhydride, a great attnu)td<m 



The Bolntion contains trihydric or tribasic arsenic acid, preciseiy 
analt^uB to orthophosphonc acid, forming salts which are identical 
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in shape (isomorphons) with the corresponding phosphates. A sodio 
arseniate, dflL80HoNao2 + 12 aq., is obtained, when arsenic acid ia 
neutralized with sodic hydrate or sodic carbonate, which cannot be 
distinguished in appearance from the common sodic phosphate. 

Like phosphoric acid it can form three different kinds of salts, 
viz. : — 



lONaos, Trisodic arseniate, 
dflLSOHoNaoa, Common arseniate, or h jdric disodic arseniate, 
dflLSOHoiNao, Dihjdric sodic arseniate, 

and is capable of retaining one or two parts of unreplaced hydroxy], 
or of replacing two parts of hydroxyl by Mgo", or some other oxyl- 
radical of a dyad metal, as in AsOAmoMgo", ammonic magnesio 
arseniate. Salts are also derived from the acid in which the analogy 
between arsenic and phosphoric acid is still further borne out. We 
know salts containing — 



lO,Ho, and ASiOsHoi, 
Metanenic acid. FyrarBenic acid. 

Corresponding to — 

POsHo, and PsOsHoi. 

Metaphosphorio FyrophoBphoric 
acid. acid. 

Arsenious acid forms likewise a definite series of salts, called arsenites, 
closely analogous to phosphites, of which the alkaline arsenites pos- 
sess again the greatest interest. The power of forming salts with 
different bases which this acid possesses is, however, not so well 
defined as that of arsenic acid. 

The compounds which arsenic and antimony are capable of 
forming with hydrogen, analogous to phosphoretted hydrogen, PHj, 
viz., arsenietted hydrogen, AsHs, and antimonietted hydrogen, 
SbHs, will be described below, under the respective metals. 

QUESTIONS AND EXERCISES. 

. 1. Defloribe the most important properties of phosphorus. 
2. How would you prepare small quantities of phosphoric anhydride P 
8. Explain how orthopnosphoric, pyrophosphoric, and metaphosphorio acid are 

obtained. GKye equations* 
4. You haye giyen to you a solution of orthophosphoric acid, and a solution of 

potassic hydrate. State what salts you can form with these materials P 
6. G-iye symbolic and graphic formulas ror common sodic phosphate, magnesio 

pyrophosphate, sodic metaphosphate, and phosphorous anhydride. 

6. How would you distinguish between a soluble ortnophosphate and pyrophoc* 

phate P 

7. Explain the terms, dehydroHng agefU, vxUer of cryttalUtaiion^ ortho' and 

pyrophofphoric acid, tnicrocotmic salt, araetude. 

8. Describe the changes which microoosmic salt and the common hydric disodic 

phosphate undergo, when exposed to a graduiUly increasing heat. Give 
equations. 
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9. How 18 phoBphoroas anhydride prepared, and what is its most charaoteristio 

property ? 
1,0. Trace the analogy which exists between phosphorus and arsenic oompoimdB. 
11. What changes do metallic arsenides undergo when heated in a tube of hard 

glass, open at both ends? GKye equations. 
IS. How is white arsenic affected when hi»ated on charcoal before the blow-pipe 

flame ? GKye equations. 

13. In what respect does phosphorous anhydride differ from arsenious anhy- 

dride ? 

14. What is the action of nitrio acid upon arsenious anhydride ? Give azi equa- 

tion. 

15. Write out the symbolic formulas of a few arsenites and arseniates. 

16. How is phosphoretted hydrogen prepared, and what are its most striking 

properties ? Give an equation. 
If, Calculate how much HHs by weight can be obtained upon ignition firom 

2-850 grms. of PO Amo Mgo". 
18. Calculate the percentage composition of miorooosmic salt. 



Chapter XVII. 
OXIDE OF BORON. 



The element boron occnrs in natnre always in combination with 
oxygen, as boric acid, either in the free state or combined with 
metals. The most important of its salts is borax, a compound of 
the base soda, with boric acid. 

Expertment 8S. — Dissolve a small quantity of powdered borax — th» 
ordinary prismatic crystals of B405Nao3 — in four times its weight of boiling 
water, and add to the nltered solution concentrated hydrochloric acid, till litmus- 
paper is freely reddened. Orthoboric acid, or boric hydrate separates on cooling 
in thin translucent pearly plates, which can be obtained in a sufficiently 
pure state, by pouring off the liquid, washing with a little water, spreading the 
crystals on filter-paper on a warm tile, and drying at a gentle heat. They aie 
soluble in boiling water, to which they impart only a slight add taste ; and 
t^e solution of the acid gives to blue litmus-paper merely a wine-red tint similir 
to that which carbonic acid produces. 

When treated with concentrated hydrochloric acid the sodoxyl 
radicfil, it may be assumed, is first acted upon with formation of 
sodic chloride and Hoj. The five molecules of water (which may 
be viewed as hydride of hydroxyl, HHo), by attacking five atoms 
9xygen, form five molecules of Hoa, and the hydrated acid sepa- 
rates, thus : — 

BiOjNao, + 2HC1 -f 50H, = 4BHo8 -f 2NaCl. 

Tbe trihydric or tribasic acid, 8H03, so obtained, is converted 
into the metaboric acid, 8OH0, by heating up to 100° C, thus : — 

8H03 = 8OH0 + OHs. 

By exposing the acid to the strongest red heat we obtain 
boric anhydride. This cannot be done without incurring loss from 
volatilisation. The acid merely fuses and forms, on cooling, a 
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glassy hard iinging mass. The composition of the anhydride is 
B^'aOs, boron being a triad element. Its graphic formula is 
written — 

0=B— 0— B=0 

Boric acid is principally derived &om a mineral called tincal, an 
abnormal sodic borate, having the composition BiOsNaoa, lOOHg, 
which may be viewed as a compound of two molecules of sodic 
metaborate and one molecule of boric anhydride — 

280Nao + 8,03 = BiOsNao,. 

Its graphic formula, as expressed by Dr. Frankland, is — 

Na— O— B— 0— B— 0— B— 0— B— O— Na 

o o 

This view is borne out by the facility with which a dilute 
aqueous solution of borax is decomposed. On adding tincture of 
litmus to a concentrated borax solution, the liquid acquires a shghtly 
reddish tint; which, on the addition of more water, turns dis- 
tinctly blue : i.e., on dilution the borax solution acts like a weak 
solution of a free alkali mixed with boric acid. 

Boric acid combines with bases in the state of metallic hydrates, 
oxides, or carbonates, in many different proportions, both in the wet 
and dry way. Its salts are called borates. At high temperatures it 
behaves like a strong acid, displacing not only C02, but SO3, and 
V2O5, from their salts. In solution, however, boric acid is but a 
weak acid ; although it is capable of combining with fr'ee bases and 
of decomposing, when in concentrated solutions the metallic car- 
bonates, with evolation of COa, especially on boiling. Its feeble 
acid character is also manifested in borates containing excess of 
acid — so-called acid salts — which react strongly alkaline, and in 
which the feeble acid cannot overcome the alkaline nature of such 
strong bases as soda or potassa. 

Experiment 86. — Mix intimately in a mortar some of the boric aoid 
obtained in Exp. 85 with somewhat less than its own weight of sodic chloride, 
and heat the mixture in a porcelain or platinum crucible over a good gas flame. 
The mass fuses and a vapour is given ofi'. Bemove the lamp for a moment, and 
hold an inverted bell-jar over the crucible. Strips of blue litmus, moistened with 
^ater, are made to adhere to the inside of the jar. As soon as the vapour comes 
in contact with the paper the blue colour changes to red. The vapour consisted 
of hydrochloric acid. This may be proved by rinsing the jar with a few drops 
of anmionia, before inverting it over the crucible, when white fumes of ammonio 
chloride are formed. 

The change takes place according to the equation — 
NaCl + BH03 = BONao + HCl + OH,. 

Here, then, is another instance of a curious reciprocal affinity^ 
Exp. 85 proved that boric acid is liberated from borax by con- 
centrated hydrochloric acid. The preceding experiment showed 
that boric acid drives out hydrochloric acid. It is obvious, then, 



104 



CONSTRUCTION OF THE BLOWPIPE. 



that the affinity of boric acid for soda is greater at a high tempera- 
ture than that of hydrochloric acid; the different action of 
the two acids is evidently owing to the fixed character of the one, 
and to the volatile nature of the other acid — ^hydrochloric acid being 
volatile at the ordinary temperature. The tendency in the latter to 
volatilize at a high heat assisted its escape, whilst the fixedness of 
the boric acid was actually increased at a melting heat. 

Most borates fuse to transparent glasses. Alkaline borates, 
when fused with metallic oxides, take up and dissolve many of the 
latter, forming double borates of the alkali base and the metallic 
oxide, which are frequently marked by characteristic colouis. 
Hence borax is of great use ^as a A» in ietaUnrgical experimonts, 
or, on a small scale, in blowpipe reactions. 

QUESTIONS AND EXERCISES. 

1. What is our chief source of boric acid ? 

2. How is orthoboric acid obtained from borax ? Give an equation. 
8. Explain the action of heat upon orthoboric acid. 

4. G-ive symbolic and graphic formulffi for orthoboric and metaboric acid, boric 

anhydride, borax. 

5. What action takes place when orthoboric acid and sodic chloride, or potassio 

carbonate, are fused together ? 

6. What is the percentage of boric anhydride in borax ? 




Fio. W. 



Chapter XVIII. 
ON THE BLOWPIPE AND ITS USE. 



A nsefal blowpipe is represented in Fig. 
69. It consists of three parts — of a straight 
tnbe made of brass or G^erman silver, a h 
(sometimes fitted, for greater convenience, 
with a horn or ivory month-piece) ; of an air- 
chamber, c dy which arrest* any condensed 
moistnre ; and of a branch tnbe, / g, which 
fits into the longer tnbe, a &, at a right 
angle. The tnbe, f g, is provided with a 
nozzle, h, ending in a platinnm jet, which 
fits somewhat conically over the tnbe, / gr, 
as is shown on a larger scale in Fig. 59, h. 
The most convenient form of mouthpiece is 
the tmmpet-shaped, whereby blowing is 
rendered less nttigning. Other simpler 
forms of blowpipes have been devised; 
they require, however, no special description 
to be readily nnderstood. 

The blowpipe is nsed for conveying a con- 
tinuous blast of air from the lungs into the 
flame of a spirit-, gas-, or oil-lamp, or into a 
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'A 



Fia. 60. 



candle flame. In anj ordinary conical flame we are able to distin- 
guish thre^ different parts, as represented in Fig. 60 ; 1st, in the 
middle a dark kernel, a ; 2nd, a bright cone, e f g, snr- 
ronnding the dark kernel, a ; and 3rd, a feebly Inminons 
onter cone, bed, surronnding the bright cone. The 
dark part of the flame consists of vapours — ^principally 
of compounds of carbon and hydrogen — which bum at 
the expense of the oxygen of the air. The luminous 
zone of the candle flame does not get a sufficient supply 
of oxygen; it is, therefore, the hydrogen which bums 
chiefly, whilst the hydrocarbon vapour becomes highly 
heated, and is rendered luminous. In the outer or feebly 
luminous zone nothing impedes the free access of, and 
contact with, the atmospheric air ; complete combustion 
takes place ; both carbon and hydrogen are converted 
into their final products of oxidation, into carbonic anhy- 
dride and water (steam). This portion of the flame is 
very hot, the greatest heat being concentrated in the 
point c. If we hold a body, which is capable of taking 
up oxygen into this outer part of the flame, it becomes rapidly oxi- 
dized, since all the conditions are favourable to such a change, viz., 
a high temperature, and an unlimited supply of air. 

The outer zone of the flame forms, therefore, the oxidizing flame. 
If, on the other hand, we introduce a body which is capable of 
parting with oxygen, into the luminous part of the flame, we should 
expect to see it become deprived of its oxygen by the hydrocarbon 
vapours. The body is deoxidized or reduced in the luminous zone of 
the flame ; hence this section is called the reducing flame. 

Now, by introducing a current of air into the interior of a flame, 
the appearance of the flame changes immediately ; it becomes shorter 
and more pointed in the direction of the current of air. The 
luminous portion of the flame disappears altogether, and the heat is 
considerably increased. Two zones of combustion are, in fact, 
formed by supplying air to the hydrocarbon vapours ; from the 
inside, as well as from the outside. To produce either an oxidizing 
or reducing flame, the blast delivered from the blowpipe requires to 
be properly directed, and must be constant and regular. 

While blowing, the trumpet-shaped mouth-piece is pressed against 
the lips, and breathing is effected through the nostrils ; the epiglottis 
is used as a valve. The air must be forced through the blowpipe 
by the action of the muscles of the cheeks only. 

"Beginners, when first practising with the blowpipe, usually 
conmiit the fault of not closing the passage between the windpipe 
and the mouth at the right moment, but of blowing for a longer or 
shorter period from the lungs alone. This mode of blowing, if per- 
severed in, is undoubtedly prejudicial to health ; and it is, there- 
fore, advisable that the beginner should practise himself in breath- 
ing regularly and audibly through the nose, keeping up a con- 
tinuous blast by the muscles of the cheeks. This practice should 
be continued till he is able to do so without any perceptible exertion. 
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In attempting this he will probably not be immediately snooessfiily 
bnt a little practice will soon enable him to master this initial 
difficulty." — {Flattner on the Blowpipe,) 

Success in blowpipe operations depends to a great extent upon 
the lamp we nse. 

In a laboratory which has a supply of coal-gas, a Bwnsen burner 
of the construction shown in Fig. 61 will be found to answer 

extremely well. The burner rests on a 
foot of cast-iron, a 5, into which a 
square (or round) block, c (2, of brass 
or cast-iron is screwed. This has a 
cylindrical hole for conveying the air, 
drawn in through four holes, into the 
brass tube, e /, which screws either 
into or over the cylindrical hole. A 
branch tube, h, which can be connected 
by means of indiarrubber tubing with 
the gas supply, conveys gas to a thin 
tube with a fine slit, or a couple of fine 
holes at its upper end, and is screwed 
into the cylindrical hole. The gas 
and air mix in the tube, e /, and 
bum at / with an almost non-luminous 
flame. The in-draught of cold air keeps 
the tube cool enough to prevent the 
flame striking back and burning at 
the small aperture below. 

By introducing, for blowpipe pur- 
poses, a narrower tube, g h, flattened 
at the top, into the tube, e /, the gas 
is conveyed from the thin gas delivery- 
tube below without becoming mixed 
with air, and bums with its usual lu- 
minous flame. On directing a blowpipe jet into the gas ^Qame, the 
latter is diverted, and we are enabled to produce either a reducing 
or an oxidizing flame. 

In order to obtain a reducing flame, the nozzle (Fig. 62) of the 
blowpipe is held inclined, almost parallel with the surfiice of the 
flattened top of tube, ^ ^, so as just to touch the exterior part of the 
flame. A more or less yellow flame will be thus produced of the 
form shown in Fig. 62. 

An oxidizing flame is ob- 
tained by keeping the nozzle 
of the blowpipe at the same 
inclination as before, but in- 
troducing it somewhat further 
into the flame (Fig. 68), so as 
to obtain a clear unbroken 
jet. A somewhat stronger 
FI9.62. blast is aJso sent into the 
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flame, 80 as to produce a longer and more pointed jet of flame, of a 
pale bine colonr, and almost invisible by daylight. If a small frag- 
ment of an oxidizable snbstance be beld jnst beyond the point 
of this flame, it becomes intensely heated, and rapidly absorbs 
oxygen from the snrronnding atmosphere, or, — if the blast from the 
blowpipe be very strong, — from the air which passed unconsumed 
through the cenb^e of the flame. 





Fio. 68. 




Fig 61. 



When a substance is submitted to the action of the reducing 
flame, it should be held so as to be entirely surrounded by the 
yellow flame, and protected from the oxidizing action of the atmo- 
sphere, but as near as possible to the point of the flame, in order 
to utilize the greater heat of that part of the jet. 

Far superior to a Bunsen gas-jet is HerapatVs blowpipe lamp 
(Fig. 64), constructed on the principle of a Bunsen burner. The 
gas and air issue from the mouth of the brass jet wdl mixed, acid 
bum, when lighted, with a blue flame. The flame can readj^ be 
rendered a reducing one, either by increasing the supply o^f^or by 
diminishing the blast ; or an oxidizing one, by decreasins^Regas and 
increasing the blast of air. By attaching the brass tuo^ by means 
of flexible india-rubber tubing to a gas supply pipe, and connecting 
the air-tube with a short piece of tubing ending in an ivory or glass 
mouth-piece, the lamp becomes a highly serviceable piece of chemi- 
cal apparatus. 

Swpjports, — Charcoal is mostly used as a support in reduction 
experiments. The best charcoal is that from the wood of the 
pine, lime, or willow; closely grained, free from knots, and well 
burnt. The pieces are best cut by a small-toothed saw into regular 
prisms of about six inches in length, and from one to two inches in 
breadth, having a flat smooth surface at right angles to the lines of 
growth; because the fluxes spread out on the charcoal on the other 
surfaces {Berzelius). A good piece of charcoal may be made to 
serv% for many experiments, by simply filing off* the used surface 
and exposing a new one after each operation. 

What renders charcoal so valuable as a support in blowpipe 
experiments is, 1st, its infusibility ; 2nd, its weak power for conduct- 
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ing heat ; 3rd, its porosity, which enables it to absorb within its pores 
readily foible fluxes, such as borax, microcosmic salt, sodic car- 
bonate, potassic cyanide, leaving the infiisible substance under 
examination behind ; and, lastly, its power of assisting in the reduc- 
tion of oxidized substances in the inner blowpipe flame, on account 
of the carbonic oxide atmosphere which the charcoal furnishes by 
the partial combustion of itB carbon. 

The substance to be subjected to the blowpipe flame (which if 
a powder should be previously moistened with a little water to 
maJie it cohere) is placed in a shallow cavity, scraped out near the 
end of the charcoal, and the latter is so held that the flame impinges 
upon the substance at a slight angle, as seen in Fig. 58. 

Platinum tuire, frequently also platinum foUj or a small platinum 
spoon, is employed for oxidation experiments, or for the diffusion 
of insoluble bodies in fluxes, in order to observe the coloured glasses 
which they produce. 

Thin platinum wire is chosen, which may be used in the form of 
a coil, with the ends unrolled, or in pieces about half a foot 
in length (Fig. 65). These are fused for convenience sake 
into a piece of glass tubing drawn out to a point, with 
the end turned into a hook or loop, to hold the borax or 
microcosmic salt which is to be fused into a bead. (Care 
must be taken that no substance, such as sulphur, lead, etc., 
which acts upon platinum, be fused upon the wire.) 

Platinum foil is employed as a support for substances 
which are not to be exposed to the reducing action of char- 
coal. The foil may be placed on a piece of charcoal, or held 
in the flame by a pair of forceps. 

Platinum Spoon. — This should be of the size and form 
shown in Fig. 66. It may either be fixed into a wooden handle 
or into a cork. (The lid of a small platinum crucible, supported 
on a platinum triangle (Fig. 67), answers equally well.) It 
(j is used for fusing certain substances with alkaline carbonates, 
Fio. 6ft. hydric potassic sulphate (SO3H0K0), or nitre (If O2K0). 



V 
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Fio. 66. Fio. 67. 

A pair of Brass Forceps unih Plaiiwu/m Tips. — ^These are constructed 
as shown in Fig. 68. A fragment of the mineral or other substance 
is held between the platinum points, a, which are opened by pressing 
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on the knobs, h &, and close again by their own elasticity. These 

forceps are used for holding splinters of minerals, etc., which are to 

be heated in the outer or 

hottest part of the blow- ^ 

pipe flame, to ascertain 

their fosibility and the 

colour they impart to 

the blowpipe flame. fio. 68. 

Experiment 89- — Heat on a charcoal support a litde litharge (plumbic 
oxide, PbO) in the reducing flame of the blowpipe. Globules of metallic lead 
are left, and a yellow incrtutation forms on that part of the charcoal over which 
the flame passes. 

This arises firom the deposition of yellow plumbic oxide on the 
cooler parts of the charcoal. Some of the metal is, in fact, vola- 
tilized, and on passing through the outer flame of the blowpipe is 
oxidized. The same occurs in the case of other metals ; hence the 
diflerent and often characteristic incrustations, observed when 
metallic oxides are heated on charcoal in the reducing flame, fre- 
quently help to distinguish such metallic bodies in a very ready 
manner. 

Experiment 88. — Heat a small piece of metallic antimony in the cavity of 
the charcoal in the oxidizing flame of the blowpipe. The metal melts readily, 
and gives off white fumes, and a white deposit of antimonious oxide, Sb203, 
oovers the charcoal all round the metallic antimony, which by continued heat may 
be entirely yolatilized. 

Most metals (with the exception of gold and platinum) are 
capable of being converted into oxides, when heated in the outer 
flame of the blowpipe. 

ExperlmeBt 80. — Melt some borax on the loop of the platinum wire to a 
dear pearl of b<»ux glass. The bead should be perfectly colourless, both in the 
hot and cold state. While the glass is still not and fluid, it is brought in 
contact with a small quantity of black cmiftM oxide, and tiiie outer flame of the 
blowpipe applied a second time. The blacCTW||j# dissolves in the liquid glass, and 
produces a deep dark colour. If introducedM^small (quantities the gls^ss is 
green whilst hot, and blue on cooling ; if in laqB^antities the ^een colour is 
fo intense as to appear black ; when cool this^ mHuM paler, ana changes to a 
greenish-blue. When heated in the reducing flame uS^bpiper glass becomes nearly 
colourless, but immediately on solidifying assumes a red colour, and becomes 
opaque from the separation of metallic copper. By lo||2 ^ij^ued blowing on 
cnarooal the oxide is reduced, and the metal sepanim^iiBK9l|fc«in of a small 
metallio bead, leaving the glass colourless. ' 'IRj^^ 

The change which takes place will be readily jan^Mdod after 
what has been stated in Chapter XVII with regam to the action of 
borax at high temperatures. The molecule BaOg fbrms with the 
CnO a cupric metaborate, thus — 

BaOs + CuO = B,0,Cuo". 

In performing this experiment, and experiments of a similar 
nature, care must be taken not to dissolve, in the first instance, too 
large an amount of the oxide, or other substance under examination. 
If a small quantity affords no distinct reaction, more may be easily 
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added. If, however, the colour of the bead be too intense to be 
clearly distingnishable, the bead may be jerked off from, the wire, 
and the portion which still adheres fased ap with a fresh quantity 
of borax, in which manner a more dilute bead will be obtained. 

We possess in microcosmic salt another most valuable flux, 
as it leaves, on ignition, sodic metaphosphate, a readily fasible 
salt. The action of this salt is analogous to that of borax ; but 
as experience has proved that the beads which it forms with 
many substances are more characteristic, and the colours better 
defined than those produced by borax glass, it is frequently preferred 
to the latter as a flux. 

Microcosmic salt, when fusing at first in its eight molecules of 
water of crystallisation, is so fluid that it readily drops from the 
platinum loop. It is, therefore, advisable to frise it on charcoal or 
platinum foil, when the water and ammonia are driven off, and a 
viscid residue is left. Some of the glass thus formed can readily be 
taken up on the platinum wire (the loop may be made somewhat 
smaller), and the powdered mineral or oxide fused with it in the 
same way as with borax. 

Experiment 9B. — ^DisBolve a little uranic oxide, ITaOs, in a bead of micro- 
ooemic salt. It dissolyes to a clear yellow glass in the outer flame, and becomes 
TeUowish-green on cooling. Heated in the reducing flame the glass assumes a 
beautiful green colour, wluch becomes more brilliant as the bead cools. 

The action of the sodic metaphosphate consists in taking up 
metallic oxides, and forming with them tribasic phosphates, con- 
taining more than one base. 

The blowpipe is of great assistance in chemical analysis, 
because it individualizes the body under examination, by pro- 
ducing distinctive changes, which are peculiar for the most part to 
each of the metals. Although the presence of other bodies may 
interfere to some extent with the special reactions of the body for 
which we search, and thus render the search doubtful or in some 
cases nugatory, it cannot «. be too strongly impressed upon the 
chemical student to gaiir a complete mastery over the olowpipe 
reactions, as being by ftlf the most easy and readily available means 
of qualitative analysis. 

QUESTIONS AND EXEBOISES. 

1. Describe €he oonstrootion of the mouth blowpipe. 

2. Describe the nature of a candle flame. 

8. Describe the construction of a Bun^en gas-burner. 

4. Explain the oxidising and reducing action of the blowpipe flame. Qire 

examples. 

5. Explain the use of borax and microcosmic salt in blowpipe reactions. 



SHJCIO ANHTDRIDB. 



Chaftbb XIZ. 
OH SILICA AND BIUCATES. 

SiluM is one of the moat widely difibsed subatancea in nature, 
and conatitutea, together with the compoimda which it forma with 
metallic bases, viz., the eiliaaies, the greater part of the solid cmat 
of onr earth. 

It ia fonnd either in the free or comhined atate. White and 
yellow sand, qatirtE, agate, flint, rock, crystal, opal, chalcedony, are 
more or less pore silica. 

Bxperiwent 91. — Add dilute hydi^jchloric, nitric, or Bulpharic acid to & 
•olution of lo-called vialer glati (eodic silicate). Oelatiiioua dlicic bfdiate 
(epuBl«s, which maj be thrown on a filter and waehed 
with water, in which mediimi it is bat slightly soluble. 



Di7 the precipitate bj placing the iiinnel on a hot sand- 
bath OTGT a filter drier (Fig. 69). The gelatinous mass 
■brinks together conBiderably. It loses its water and be- 




fs anhydrous, eTen at the temperature of boiling wat< 
Bemove the precipitate, when dry, &oiq the filter, and 
heat it strongly in ■ porcelain or platinum crucible. A 
fine white amorpbaua powder is left, perfectly insoluble in 

AnalyaiB has proved that thie while powder 
conaiata of one atom, of the elemeot ailicon, and 
two atoms of oxygen ; it is oaUed silica, or iUicic 
anhydride, SlOj. Silicon being combined with 
two atoms of oxygen, must be a tetrad element, and silica is written 
graphically — 

0=Si=0. 

.i.^Jypowdered» quartz intimately with about 

weight of Jkiion muriure (OOIfao, and OOEoi mixed in atomio 
quantities) and heat in a corered platinum crucible orer the £ame of a Bunsen 
kmp. The mixture taies, if eufficisnt beat be applied, and gives off bubblee ol 
earbonie anhydride. Heat as long as any gas oomes off, and keep the contents 
of the platinum crucible from ten minutes to a quarter of an hour in a state of 
quiet fusion ; allow to cool, and remove the solidified mass &om the crucible hv 
for some tine with hot water in a porcelain dish. The whole of it 
This proves that the quartz was completely fused. (A successfiil 
fnsion can only be effectod by powdering the quartz in the first instance verj 
finely.) Acidulate the solution now with dilute hy drochlaric acid ; carbonic an- 
hydnde is evolved, owing l« the decomposition of the eicess of the alkaline car- 
bonates, and gelatinous silica separates. Evaporate to mmplete dryness on a 
water-bath. Btir the gelatinous mass which is left with a stout gUse rod, and 
break up the lumps. Transfer the dish for a short time to a hot sand-bath, and 
apply a somewhat stronger heat. Set it aside to cool, and treat with a few drop* 
of concentrated hydrochloric acid. Allow the acid U> soak for aome time, and 

* Hard substuices, such M quartz, should be powdered in an agate mortar. 
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then add hot water. Filter the insoluble residue, wash well, diT and ignite 
gently in a porcelain or platinum crucible. A dazzling white powder of silicic 
anhydride will be left. 

The changes may be expressed symbolically by the following 
equations : — 

(1) 2SiO, + 2(CONao„COKo,) = SlNao4,SiKo4 + 4C0,. 

Fusion mixture. 

(2) SiKo4 + 4HC1 = SIH04 + 4KC1. 
SlNao* + 4HC1 = SiHoi + 4NaCl. 

Sihcic hydrate. 

(3) SlHo, = SIO, + 20H.. 

Sihcic anhydride. 

Silicic acid (also called orthosilicic acid) is a tetrabasic acid, 
being combined with four atoms of Ho. It is written graphically — 

H 



A 

H— 0— Si— 0— H 



i 

I 

H 

A dibasic acid is said to be produced by the evaporation in vacuo 
at 16® C, of a solution of the tetrabasic acid in water — 

SIH04 = SiOHo, + OH,. 

This add is of little interest. 

Silicic acid is an extremely indifferent body ; it is inodorous 
and tasteless, and has scarcely any action upon vegetable colours 
(litmus). It combines with bases in the wet way with great diffi- 
culty, and forms amorphous salts. Like boric acid it is affected 
quite differently at a high temperature. 

Experfmeiit 08. — Heat a mixture of powdered nitre (IffOsXo) with finely 
powdered quartz in a platinum crucible over a good gas flame ; ruddy fumes are 
seen to escape. The nitric anhydride is displaced by the silicic anhydridei and 
breaks up as soon as it is liberated from the nitre into 11804 and O. 

Silicic anhydride, therefore, liberates nitric anhydride from ite 
salte. A similar action takes place when sodic chloride is employed 
instead of nitre. Si02 can even drive out SO3 {e.g., from SO^aoa), 
especially when heated with it in the presence of charcoal ; and yet 
in Exp. 90 it has been shown that silicic hydrate can be separated 
from sodic silicate by dilute hydrochloric acid. 

Silica, in this respect, resembles boric acid. It exhibite at 
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different temperatures the same curious recvprocal affinity, for it can 
be displaced from its saline combinations by hydrochloric acid, etc., 
or may itself displace at a high temperature, — owing to its fixed 
character, — volatile acids, such as carbonic, nitric, hydrochloric,* 
sulphuric acid. On passing carbonic anhydride through a solution 
of sodic silicate, gelatinous silicic acid separates in flakes. 
The reaction takes place according to the equation — 

SiNaoi + 4C0, + 40H8 = SiHoi + 4C0HoNao. 

Hydric sodic 
carbonate. 

It is, no doubt, owing to this action of cai-bonic anhydride upon 
silicates, that many spring waters contain small quantities of silicic 
acid in solution. 

Different kinds of glass, colourless or coloured, may be made on 
a small scale by fusing before the blowpipe flame a small quantity 
of sodic carbonate, together with some white SiOa, and by dipping 
the clear bead into various metallic oxides, and heating once more. 

Porcelain, fire-clay, bricks, tiles, stone- ware, pottery, etc., consist 
mainly of aluminic sUicate. 

A great many minerals consist of silica and earthy and metallic 
bases in varying proportions. 

QUESTIONS AND EXERCISES. 

1. How docs silica occur in nature ? 

2. How can silicic anhydride be prepared from a solution of water-glass ? 
8. How is white sand converted into potassic silicate ? 

4. Give symbolic and graphic formube for silicic anhydride and silicic acid. 
6. How would you show experimentally that silica can displace If 3O5 or SO3 
from their respective sodic salts ? 

6. Explain the action of GO] upon a weak solution of sodic silicate. 

7. What substances enter chiefly into the composition of porcelain, fire-clay, 

stone-ware ? 

8. How much SiO], and how much GONaoo are required to manufacture 100 lbs. 

of water-glass ? 

9. 1'235 pprm. of fire-clay yielded '793 grm. of SiOs, what is the percentage of 

silica in the clay ? 



Chapter XX. 

GENERAL PROPERTIES OF SALTS. 

The solubility of different salts in water varies very mnch. Some 
salts, snch as calcic chloride, CaCl2, magnesic chloride, MgCU, 
cannot be left exposed to the air even, withont attracting moisture 
very rapidly ; they are deliquescent. Others, such as calcic carbo- 
nate, COCao", have no attraction for water. Certain salts dissolve 

• By heating the mixture of SiO^ and NaCl in a current of steam. 

I 
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in water, others are insoluble. Almost all salts which are soluble 
in water, dissolve more freely and more extensively in boiling than 
in cold water. A solution is said to be saturated in the cold, when no 
more of the salt dissolves in it ; a hot saturated solution, when boiling 
water has dissolved as much of a salt as will dissolve. 

Experiment 04«— -DissolTe some common salt in hot water in a porcelain 
dish, and raise the temperature at last to boiling. Plunge a thermometer into 
the liquid. The mercury rises rapidly above 100" C. — the temperature of boiling 
water. A saturated boiUng solution of KaCl indicates in fieust a temperature of 
108— 1(W 0. 

The boiling point of saturated solutions, and the percentage of 
solubility of a few well known salts, are here annexed — 

Parts by weight 

of salt dissolved Boiling point 

Name of salt. in 100 ports of saturated 

of water. solution. 

Potaasic chlorate 61-5 104*2* 0. 

Baric chloride 60-1 1044^ „ 

Sodic carbonate 48*5 104*6'' „ 

Potassic chloride 69*4 108*8* „ 

Sodic chloride 41-2 108*4* „ 

Ammonic chloride 88*9 114*2° „ 

Potassic nitrate 335*1 115*9° „ 

Strontic chloride 117*5 117*8^ „ 

Sodic nitrate 224*8 121*0* „ 

Potassic carbonate 205*0 185*0* „ 

Calcic nitrate , . . . 362*0 151*0* „ 

Calcic chloride 325*0 179-5^ „ 

It appears that in most instances the boiling point is directly 
proportionate to the solubility of a salt. 

On allowing a saturated boiling solution to cool, some of the 
salt crystallises out, and the crystals will be all the more perfect the 
flower the 3olution cools. In order to get good crystals, saline solu- 
tions are set aside for spontaneous evaporation. The solution should, 
of course, be well protected from dust, by being kept carefully covered 
with filter-paper. In consequence of the constantly increasing con- 
centration of the saline solution by slow evaporation in the air, the 
crystals have plenty of time to form regularly, and to grow slowly, 
till at last nearly the whole of the salt has been withdrawn from the 
solution. The remaining liquid may then be poured off from the 
crystals; it. is called the mother-liq^wr, Q-rowing Crystals may 
actually be fed with a fresh portion of the saline solution, till they 
have acquired a considerable size. 

Ezperlmeiit OB. — Make a hot saturated solution of the well known salt 
tUmm^ Allow it to cool. Then pour off from the oryBtals the still warm mother* 
Uguor into a preyiontly warmed porcelain dish, and set aside for crystaUisatiou. 
When cold, ymur off the mother-liquor, and pick out a few of the best crystaU. 
They are octohedral in shape. One or more of these octohedra are then put 
into tlio cold saturated mother-liquor, and the crystal turned over on a fVesh side 
CTcry d:iy, till after eight days it has rested on every one of the eight aides. It 
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grows during this time, and attains considerable size, whilst the form of crystalli- 
sation remains the same. 

If the crystal were not turned, it would likewise grow, but not regularly j for 
no deposit of saline matter can take place on the side on which it lies, nor on the 
tide diametrically opposite to it. It would acquire what is called the truncated 
octohedral form. Instead of turning the crystals over, day after day, they may 
be allowed to form on a piece of fine string, from which they are conveniently 
suspended in the mother liquor, and left to grow slowly. 

Orystcdlisatiafi furnishes us with the means of pwrifying soluble 
Baits from foreign substances. It is easy to purify salts soluble with 
difficulty from salts which dissolve freely in water, such as potassic 
carbonate, calcic chloride. Smaller crystals, as a rule, are purer 
than large crystals, because some of the mother-liquor is apt to 
be locked up within the interstices of the latter. Thus commercial 
nitre or saltpetre contains small quantities of potassic chloride and 
sulphate, which can only with difficulty be removed by repeated 
recrystallisation : but they are readily eliminated by constantly stirring 
a hot solution of the impure salt whilst it cools, as long as a fino 
powder (called saltpetre flour) of potassic nitrate falls out. The 
impurities are left in the mother-liquor. 

Many scJts combine chemically, the moment they crystallise, 
with a certain quantity of water, called water of crystallisation. This 
appears to be essential to their existence in a crystalline condition, 
and materially influences their structure; for on expelling the water 
by heat, the crystals crumble down to a powder. The anhydrous 
powder attracts water again very eagerly, and such dehydrated 
salts are frequently employed to deprive certain liquids, such as 
spirits of wine, etc., of water. 

A great number of salts unite with the same amount of water of 
crystallisation under identical conditions of temperature and satu- 
ration : and the molecular units of water of crystallisation are 
reducible to simple constant proportions, and follow the law of 
constant chemical combining proportions, as much as compounds of 
two or more elements. 

Experiment 06« — Heat a few grammes of blue vitriol, or cupric sidphate 
(8OH03CU0'', 4 aq.) cautiously in a porcelain dish. The salt fuses in its water of 
crystallisation, or it undergoes what is called the aqueotts fusion. It is dihydrio 
at about 100° C. Keep stirring with a glass rod, till the water of crystallisation 
has been driveu off, and till the blue salt has nearly turned white. On adding a 
little water to a portion of the powder, and stirring, it acquires its blue colour 
again. Much heat is giyen off at the same time. 

Experiment 91. — To another portion of the white powder add a little 
alcohol (methylated spirit). The blue colour is likewise restored. The alcohol 
must have become deprived of its water. In this manner weak alcohol may be 
rendered almost absolute, i.e.^ free from water. 

The evolution of heat which accompanied the combination of the 
white powder with water, points to an actual chemical combination 
between the water of crystallisation and the salt. 

On exposing the white powder to a stronger heat (about 200° C), 

another molecule of water is given off, which is evidently combined 

differently from the four molecules of water of ciystallisation. It is 

termed tvafer of constittition. 

I 2 
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The water of crystallisation of a salt, obtained from one and the 
same saturated solution, frequently varies with the temperature: e.g., 
Bodic sulphate (S02Nao3) when allowed to crystallise fi*om its solu- 
tion at a temperature of 33° C, retains ten molecules of water, and 
yields anhydrous crystals above that temperature. 

Manganous sulphate (S02Mno") crystallises from its aqueous 
solution with six molecules of water of crystallisation at 15° C. It 
has the composition S0Ho2Mno" -|- 6 aq. Between 15 °C. and 30^ C. 
it crystallises with five, and between 30® C. and 40° C. with four 
molecules of water of crystallisation. The crystals belong respec- 
tively to the rhombic, triclinohedric, and monoclinohedric systems. 
It follows that the molecules of water of crystallisation are capable 
of modifying the character of salts as much as their other con- 
stituent elements. The last molecule of water — the water of 
constitution — is only driven off at 200° C. 

Ezperlment 08. — Expose a few ciystals of iffo^Am^ «o^ (C0XaOj+ 10 aq.}, 
for some time to the air. They become opaque, and crumble at last to pieces. 
The salt loses its water of crystallisation, cyen at the common temperature, but 
more rapidly when gently heated. 

The same is observed when green vitriol (SOHoaFeo" -|- 6 aq.), 
hydric disodic phosphate (POHoNaoj -f 12 aq.), sodic sulphate 
(S02Nao2 + 10 aq.), and other similarly constituted salts are exposed 
to the air. These salts are said to be efflorescent. 

Salts which have been allowed to crystallise from water at the 
ordinary temperature, and have consequently taken up as much 
water of crystallisation as they possibly can, — ^produce cold, when 
their crystals are redissolved, either at the same or at a higher 
temperature ; because they absorb heat from the water on passing 
from the soHd to the liquid state. Heat must, therefore, have become 
transferred, in the one instance, from the dehydrated salt to the 
water (which has already as much heat as it can bind), and heat is 
therefore given off: in the other instance from the water to the 
crystalline salt, the latter depriving the water of heat. On mixing 
some salts or a mixture of certain salts in definite proportions with 
water, a considerable degree of cold may be produced. Mixtures of 
this kind are called freezing mixtures. 

Experiment 00. — Mix one part by weight of crystallised sodic carbonate 
with one part by weight of water at 10** C, and ascertain by the aid of a ther- 
mometer that the temperature of the water is lowered from 10* C. to — 14** C. 

Numerous other salts may be employed with like effect. 

Colour of Salts. — Most salts are solid bodies at an ordinary tem- 
perature. Salts obtained by the action of a colourless acid upon a 
colourless base are likewise colourless. Coloured bases produce for the 
most part coloured salts on combining with colourless acids ; and the 
crystalline salts mostly resemble the original base in colour. Salts 
formed by the combination of a colourless base with a coloured acid 
generally exhibit the colour of the acid from which they are 
derived. 

Tasti* of Snhihle Salts. — The t^ste which various salts exhibit is 
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for the most part dependent upon the constituent base. Thus, sodic 
salts possess a purely saline taste, not unhke that of common salt ; 
potassic salts possess a saline, and somewhat bitter taste. Magnesia 
salts have a nauseous bitterness ; aluminic salts an astringent sweet 
taste, etc. The taste is also influenced by the acid which the salts 
contain, as in sulphites and salts of metallic acids. 

QUESTIONS AND EXERCISES. 

1. G-iye instances of deliquescent salts. 

2. How would you prepare a saturated solution of a salt ? 

3. What genend relation is there traceable between the solubility of salts and 

the boiling points of their saturated solutions ? Give instances. 

4. How are salts soluble in water purified ? 

5. Explain the terms mother-UquoTf aqueous fusion, irater of constiUUion^ 

efflorescent J freezing mixture. 

6. How would you prepare octohedral crystals of alum ? 

7. How is saltpetre freed from potassic chloride and sulphate ? 

8. Qt'wt the symbohc formul© of blue vitriol, green vitriol, ci*}'staUiscd man- 

ganous sulphate. 

9. Explain what takes place when blue vitriol is heated — let, to 100* C. ; 2ud, 

to 200* C. 

10. What is the action of dehydrated cupric sulphate upon ordinary proof spirits 

(containing 50 per cent, of alcohol) t 

11. On what considerations would you select the materials for making a freezing 

mixture ] 

12. Explain the cause of the colour which various salts exhibit. 

13. What influences the taste of salts 1 

1 Jf. How would you determine experimentally the percentage of water of crystal- 
lisation in a salt 1 

15. Three grms. of washing soda lost 1*888 grm. of water on drying and ignition : 
what is the percentage of water of crystaUisation, and how would you 
calculate the formula of the crystalline salt from these numbers ? 



Chapter XXI. 

REACTION OF SALTS.— NORMAL, ACID and BASIC 

SALTS.— DOUBLE SALTS. 

On adding a solution of potassic hydrate to sulphuric acid (comp. 
Exp. 60), we obtained a salt which was neutral to litmus paper,* 

* Litmus is a vegetable colouring matter consisting of a true salt of a mineral 
base and a yegetable acid. On adding to a solution of litmus in water a mineral 
acid, the organic salt is decomposed, and the organic acid liberated. Tliis acid 
possesses great tinctorial power, and is of a light red colour. A weak acid 
deprives the blue salt only of one-half of its base ; leaving a salt, containing excess 
of the organic acid, and imparting \o the solution a peculiar wine-coloured tint. 
On the addition of a soluble base, the rod solution turns blue again, because the 
base combines with tlio acid to fonn a blue salt. 

A sensitive litmus solution should not, therefore, contain any fi*ee base, 
because acids would firs*; ncutrolize this latter before they toidd liberate the 



Sa^. 
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i.e., it did not turn blue litmus red nor red litmns blue. Now, 
potassic hydrate has a strongly alkaline, and sulphuric acid a strongly 
acid reaction : and it would, therefore, appear as if one of the most 
characteristic signs of the saline nature of a body consisted in its 
neutral reaction. This applies, however, only to a very limited 
number of salts, such as potassic nitrate (If OsKo), sodic nitrate 
(K02Nao), sodic sulphate (S02Nao2),magnesicsulphate(S02Mgo"), 
calcic sulphate (S02Cao"), baric nitrate ((KO»)2Bao"). By far tho 
greater number of salts, in fact most soluble sulphates and nitrates, 
have the power of reddening blue litmus, e.g., ferrous sulphate 
(S02Feo"), zincic sulphate (S02Zno''), manganous sulphate 
(S02Mno"), cupric sulphate (SO2CU0"). Others, again, turn red 
litmus paper blue ; e.g., sodic and potassic carbonates, borax, etc. 
Hence there are salts which react neutral ; others which react acid 
or alkaline, and in which the acid reaction does not arise from any 
free or uncombined acid in the salt, nor the alkaline reaction from 
any free alkali, but in which the reaction is due rather to the relative 
strength of the acid and basic constituents which make up the saline 
body. 

The powerful sulphuric acid, for instance, can only just neutra- 
lize the strong alkali, potassa ; and when in combination with weaker 
bases, such as the oxides of the metals proper (which, as we have 
seen repeatedly, are without reaction on litmus-paper), it impresses 
its acid character upon the salts. The same aj^lies to the salts 
which nitric and other mineral acids form. 

Weak acids, such as carbonic, boric, and silicic acid, on the other 
liand, are not capable of entirely neutralizing strong alkaline bases, 
such as potassa and soda : their saline compounds react alkaline. 
It is impossible, therefore, to infer the preponderance of acid or 
base in a salt from the reaction, if any, which it possesses ; for in 
solutions of salts, such as — 

S02Nao,, and SOjCuo*. 

Sodic Bulphato Ciipric sulphate 

(nouti*al). (acid). 

— salts which exhibit neutral and acid reactions, and which are formed 
by tho displacement of the hydrogen of the sulphuric acid by atomic 
amounts of the metals sodium and copper, — the same amount of 
acid causes the one salt to become neutral, the other acid. 

If we take a salt* to bo the product of the mutual action of an 
acid and a metal or base upon each other, normal salts are obtained 
hif exchanging tlw whole of the replaceable hydrogen of the acid for an 
equivalent amount of a vietal, or of a positive compound radical, 
such as ammonium, NH^. 

acid contained in litmus. A solution of red litmus is obtained by adding rerj 
dilute sulphuric acid, by means of a glass rod, till the blue of the litmus is 
changed to a distinct red. Such a solution is turned blue on coming in contact 
with the least trace of a soluble base. 
* Ftankland : Lecture Notes, page 12. 
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Instances of normal salts : — 

Acid from which 

Salts. the salts arc 

derived. 

If OsKo, nenti*al reaction If OjHo. 

SOjNaoj, „ „ S 0,Ho2. 

SOjCao", „ „ SO2H0,. 

(K08)jCoo", acid reaction KOjHo. 

If OKo, alkaline reaction K OHo. 

SOsZno", acid reaction S OzHoj. 

y ONaos, alkaline reaction y OH03. 

(PO)aCao"8 (insol. in water) POHos. 

BNaos, alkaline reaction BH03. 

SiNaOi, „ „ SiHo4. 

An acid salt is obtained when two or more atoms of replaceable 
hydrogen are only partially exchanged for the metal or positive 
compound radical. 

The following are illustrations of acid salts — 

Salt. Acid. 

SOjHoKo, acid reaction S03iHo2. 

COHoKo, alkaline reaction (COHoj) ? 

yOHoNaoj, alkaline reaction yOHoa. 

A.sOnoKo^, alkaline reaction A.SOH03. 

SOHONao, acid reaction SOHoj. 

Monobasic acids form normal salts. Di-, tri-, and tetra-basic acids 
only can form acid salts. Dyad elements replacing Ha in dibasic 
acids exclude the possibility of acid salts, unless two molecules of 
acid enter into the reaction. 

The reaction with litmus is obviously no criterion of the normal 
or acid constitution of a salt. 

" When the number of bonds of the metal or compound positive 
radical in a salt exceeds the number of atoms of displa^eable hydrogen 
in' the acid, the compound is usually termed a basic salt,^^ ex. gr. 

SymbuUc formula'. Qraphic formuhe. 

H H 

i I 

00 00 

Ordinary 1 CHoPbo" pu " / \ l I / \ 

white lead. / CHoPbo" ^ ^^ p< ^(i_o-Pb-0-0 Pb 

o o 

Cu— 0— C— 0— Cu 

Malachite, 1 I ii | 

Dicupric carbonate >C0(0Ctt"Ho)2. 

dihydrate. J I I 

H . H 
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BLsmnthous iiiti*ate 



dihydrate. }»0,(OBi Ho,) |j^-0-^^ 



O O 

I 
H 

Double Salts. — There exists a class of salts called double saltss 
containiiig one acid only, but two different bases, and quite dis- 
tinct from the acid salts just explained. The base ammonia is 
especially remarkable for its tendency to form double salts. 

Chemists are compelled to admit in these double salts, and in 
salts containing water of crystallisation, a mere molecular union or 
molecular comhination. This, in chemical notation, is distinguished 
from atomic combinations by the use of the comma. In all cases 
molecular combination seems to be of a much more feeble character 
than atomic union. 

The following are instances of double salts, iu which a mei'e 
molecular combination is traceabh 



AmCl, MgCl, + 60H,. 
2AmCl, Fe,Cl« + SOH,. 
2AmCl, SnCl, + OH2. 
2KC1, ZnCl,. 

Other double salts are formulated atomically, thus — 

Syinbolicalhj . Grap h ically , 

O O 



Sa^o -^®^"' ^®^" Am— 0— S— O-Fc— O-S— 0— Am. 

O O 

In like manner an important group of double salts is formed by 
the combination of the sulphates of the metals aluminium, chro- 
mium, iron, manganese, with the alkaline sulphates. They have 
received the name of alums, from the resemblance which they have 
to common alum, a salt, known long before the others were prepared. 

Examples of alums we have in — 



(OjAmo — I 

Common a/inmonium «7ww^(Diam-S0a = ai vi o±g%vt 
monic aluminic tctrasulphate).S02 =^'^ j-^^jUM.. 

SOsAmo-^ 
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Grajjhic formula, 
O 

s 

/\ 

O o 

II II II 

Am -0— S— 0— Al— Al— 0— S— O— Am 

II I I II 

O 

\/ 

s 

/x 

o o 



lOzKo — I 

Fotasshtm Iron Alum (Dipotassic S02= jt> vi oi#^it 
ferric tcti-afiulphate). 30^= ^^-^ »-^*0^3- 

SO2K0 — . 

SO2K0 — I 
Potassium Chrome Alum (Dipo- S03= p yj o.^/^tt 
tassic chromic tetrasalphate). 80)= ^^o , U 3. 

SO2K0. — I 

These double salts are remarkable for the facility with which 
they crystallise and for the size and beauty of their crystals. 

QUESTIONS AND EXEECISES. 

1. Give instancfs of salts which react neutral acid or alkaline with litnius-papcr ; 

and assign reasons for the reaction which different salts give. 

2. refine normal, acid and basic salts ; give instances of each class of salts. 

3. Why can litmus not be employed, in order to ascertain whether a salt is a 

normal or acid salt ? 

4. What is a double salt ? 

5. Give instances of double salts in wliich only a molecular combination can 

be traced. 

6. Eniunerate some double salts in which an atomic union is apparent. 

7. What is an alum ? Give names, as well as symbolic and graphic formula) of 

different alums. 

8. Write out the symbohc and graphic formulae for hydric sodic sulphite, white 

lead, and malachite. 

9. Explain in what combination water of crystallisation is considered to exist in 

salts. 
10. You have given to you hydric potassic sulphate and saltpetre. Explain how 
you would demonstrate experimentally that one of these salts is an acid 
salt. 
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ClIAFrER XXII. 

DEFINITION OF CHEMISTRY.— MODES OF 

CHEMICAL ACTION. 

Chemistry has been defined as " the science which treats of the com- 
position of all kinds of matter, and of those changes in composition 
which result from the action either of different kinds of matter upon 
each other, or of external forces npon one and tRo same kind of 
matter."* 

Chemical changes depend upon the affinities with which every 
kind of matter has been endowed by nature : tliey are modified more 
or less by the temperature, and by the state of aggregation — solid, 
liquid or gaseous — of the simple or compound bodies. 

Mailer undergoes a chemical change f — 

I. When an element combines with another element In simple 
or multiple proportions, to form a compound body : e.t;., 

Hg + O « KgO (Exp. 7), 
Sbg + O3 = SbjOa (Exp. 88), 

or, when an element or a compound body combines with a compound, 
f form a more or less complex compound body : e.^^ 

O + SO3 = SO3. 

KHs + IICI - JSUiCi (Exp. 72). 

Ono of the most important groups of bodies, yiz., the metallic oxldCH, is 
formed by the combination of metals with oxygen — a chemical chanee which is 
a true process of combu^tion^ accompanied by the evolution of much neat. The 
foUowingaro the conditions which are most mvourable to such a change : — 

Ist. The metal should be in a finely divided slate; e.g.y in the form of powder, 
or as thin wire or foil. 

Copper wire, or tliin zinc foil, bums in a Bunsen gas flame ; i.e., the metals 
combine with oxygen to form cupric and zincic oxide. Iron obtained by the 
reduction of feme oxide, in a current of dry hydrogen gas — so called pyropnoric 
iron — is oxidized by air at the ordmary temperature. 

2nd. A metal tahich forms a fusible oxide bums more readily^ because a fresh 
surface of unoxidized metal is constantly exposed to the oxygen. 

8rd. A volatile metalf i.e., a metal which can be readily converted into 
vapour, such as sodium, zinc, cadmium, combines with oxygen more readily than 
a metal with difficulty volatilizpdy such as silver, copper ; because the two elements 
are brought together in the gaseous state, and the contact between their partideB 
is thereby greatly promoted. 

4th. Many metals which at the ordinary temperature are not acted upon by 



• Frankland : Lecture Notes, page 1. 

f A change arising from the rearrangement of the elements, or groups of 
elements, already contained in a body, so 03 to form isomeric compounds, occurs 
very rarely among inorganic bodies, and may be neglected altogether. 
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dry air, are rapidly oxidieed in a moist atmosphere, containing trace* of carbonio 
anhydride. 

Iron, for example, rusts rapidly in moist air. 

Zinc is protected, after a time, bj a film of white oxide. Both these metals 
oxidise far more rapidly when exposed to acid fumes. Tin plate, i.e., iron 
coated oyer with a layer of tin, in order to protect it from rusting, is rapidly 
destroyed as soon as the tin coating has become damaged in places, because a 
Toltaic action is set up between the metals tin and iron and the oxygen. 

Iron filings placed in a saucer and moistened with water, are for some 
time loft exposed to a moist atmosphere. They soon become covered with 
red iron rust. The oxidation proceeds at first slowly, at the expense of the 
oxygen in tiie air which the water holds in solution, but goes on more rapidlj^ 
after the metal has become coyered with a coating of iron oxide. A faint 
odour of hydrogen is likewise obseryed; because the iron forms the elects^* 
positiTe pole of a Toltaic pile — 

+ — 

Fe O 

Water is thus decomposed at the ordinary temperature, and the iron is 
oxidized simultaneously by the oxygen of the air, dissolved in the water, and by 
the oxygen of the water itself. 

Lower oxides, e.g., ferrous or manganous oxide, are rapidly conrertcd into 
higher oxides, by the action of the oxygon in atmospheric air, especially in tlie 
presence of water, or when they exist already as hydrates — 

2Fe"Hos + O + OH2 = Pe,Ho6. 
Ferrous Ferric 

hydrate. hydrate. 

Manganous Manganic 

hydrate. hydrate. 

Other lower oxides require to be heated in contact with air; PbO, for 
iastaaoe, when heated to 400° C<, combines with oxygen to form red lead, 
PbgOi, — 

3PbO + O - PbjO^, 

but yields its oxygon again when heated more strongly, — 

Pb304 = 3PbO + O. 

Combination and resolution being, in this instance, mei*ely a question of 
temperature. 

6th. Many metals whose oxides combine with alkali bases, and play the part of an 
acid, are all the more rapidly acted upon by oxygen when in contact with aUudies, 
or in the presence of the vapour of ammonia. 

Experiment lOO. — Fill a test-tube with oxygen and bright copper turn- 
ings, and invert it over a small dish containing a strong solution of anunonia. 
The colourless liquid becomes gradually blue, and is seen to rise slowly in the 
tube, till the whole test-tube is filled with it. 

Copper is but little acted upon by moist atmosphere ; not so, however, when 
placed in a gaseous mixture containing oxyg6n and ammonia. The chemical 
change is induced bv the tendency of cupric oxide to dissolve in ammonia to a 
blue liquid, and to iorm a chemical compound of a quasi-saUne nature : — 

GuO + 2AmHo = GuAmoo -i- OH^. 

Ammonic 
cuprate. 
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Metals may be divided, according to tlic facility with which Ihcy become 
oxidized and displace hydrogen in water, as follows : — 



Metals whose oxides are not decomposed by heat alcnc. 


Metals whose 

oxides are 

decompoaed 

by heat 

alone. 


I. 

Metals which 
combine with oxy- 
gen at all tempe- 
ratures, and which 
decompose water 
at the lowest tem- 
perature, with evo- 
lution of hydrogen. 


II. 
Metals which 
combine with oxy- 
gen only at an 
increased tempe- 
rature, and wt'ich 
decompose water 
at 100*» C, or, in 
the presence of an 
acid, in the cold, 
hydrogen being 
given off. Some 
(Al, Zn, Cd; de- 
compose potas- 
sic hydrate, with 
evolution of hy- 
drogen. 


III. 
Metals which com- 
bine with oxygen 
at a red heat, and 
which decompose 
water (steam) at a 
red heat; but are 
not oxidized by 
water in the pre- 
sence of strong 
acids. Their oxides 
act as acids in the 
presence of strong 
alkali bases. Tin 
decomposes notassic 
hydrate, on boiling, 
with evolution of 
hydrogen. 


IV. 
Metals which com- 
bine with oxygen at 
a red heat, and 
decompose water 
(steam) to a slight 
degree, and only at 
a very high tem- 
perature. They do 
not decompose 
water in the pre- 
sence of strong adds 
or alkalies at the 
ordinary tempera- 
ture. 


V. 
Metals whicli 
do not com- 
bine with 
oxygen di- 
rectly, and 
which do not 
decompose 
water under 
any condi- 
tions. They 
are some- 
times called 
iiobU metals. 


Potassium. 

Sodium. 

Barium. 

Strontium. 

Calcium. 


Magnesium. 

Aluminium. 

Manganese. 

Iron. 

Chromium. 

Nickel. 

Cobalt. 

Zinc. 

Cadmium. 


Tin. 
Antimony. 


Copper. 

Lead. 

Bismuth. 


Mercury. 
Silver. 
Platinum, 
Gold. 



The power which metals possess of combining with sulpliar, cliloiinet 
&c., varies likewise greatly in degree and intensity, according to the nature and 
state of division of the metal, and according to temperature. Most metals, as 
wo have seen in Chopters VII and VIII, combine directly with chlorine and 
sulphur, and their respective chlorides and sulphides resist decomposition by 
heat, with the exception of those of the noble metals, gold and platinum. 



Mai tor iivdevi/oes a chemical change — 

II. When a compound body resolves itself into its component 
Clements ; or into an element and a compound body ; or, lastly, into 
two or more, less complex compound bodies t e.g,. 



jO = Hg +0 (Exp. 8). 

3Pe»^S2 = POa^r + Sj (Exp. 40). 

KOjAmo «= OjV.^ -f 2OH2 (Exp. 70). 

(lf03)2Pbo" = PbO + O + N3O4 (Exp. Q(S). 

Resolution is often accompanied by combination in the presence of an 
clement or a compound body, which exerts an aHinity for one of the elements, 
e.g.^ 

Cu -h NjOs = K-0, + CuO (Exp. 67). 
Cu + SOa = SO3 + CuO (Kxp. 6i). 
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III. When an element or group of elements in a body Is diRplaced 
by another element or irroup of elements. 

This change comprises many interesting reactions based upon the displace- 
ment of a less electropositive by a more electropositiTC clement : e.g.^ 

2OH2 + Kao = Hi + 2XaHo (Exp. 1). 

Iron displacing copper in copper salts : — 

SO^Cuo" + Fc = SO^Feo" + Cu.* 

Zinc or copper displacing silver in silver salts : — 

2AgCl + Zn = ZnClij + Ag2. 

The more electropositive metal displacing, in fact, the less electropositive in the 
following order : — 

Zn, Fc, Cu, Sn, Pb, Hg, Ag, Pt, Au. 

In the dry way, the more electropositive metal sodium, when heated with dry 
aluminic chloride, Al'^jClc, yields aluminium and sodic chloride : — 

AlgClc + 3Xa2 = 2A1 + 6NaCl. 

Magnesic iodide, when heated with sodium, yields magnesium : — 

Bf glo + Naij = Mg + 2NaI. 

Hydrogen, carbon or carbonic oxide, set free the metal in metallic 
oxides, e.g. : — 

ONaj + C = Xa^ + C"0 (Exp. 28). 

CuO + Ho = Cu + OH- (Exp. 27). 

2PbO + C = 2Pb + Ct'^O^ (Exp. 87). 

A change of this kind is usually termed a reduction. Hydrogen displaces 
metals from most oxides only at a liigh temperature. It is without action upon 
the oxides of potassium, sodium, barium, strontium, calcium, aluminium. The 
oxides of mercury, silver, platinum, and gold arc reduced bv hydrogen at a 
temperature a little above 100* C. ; wliilst the other oxides arc for the most part 
only reduced at a red heat. 

The oxides of iron are reduced to metallic iron by hydrogen with formation of 
steam ; and yet one of the methods for preparing hydrogen consists in passing 
steam over iron-turnings, placed in a gun barrel and heated in a furnace. This 
curious reciprocal action depends evidently upon the relative quantities of iron 
oxide and hydrogen, and of metallic iron and steam, which are acted upon. In 
the one case the steam formed by the reduction of the ferric oxide in a current 
of hydrogen is immediately carried along by the excess of hydrogen gas and 
removed out of contact with the reduced metal ; in the second the steam is 
lai^ly in excess and carries along the liberated hydrogen. Temperature likewise 
influences these changes. 

In carbon wo possess a most powerful reducing agent. It reduces not only 
all oxides which are decomposed by hydrogen, but likewise, at a white heat, 
oxides which are not reduced by hydrogen, e.g.^ 0X2,0^83 (Exp. 28). 



* Some illustrations of chemical changes are used in this chapter with which 
the student has not yet become a;;quainted. They will be explained in the second 
part of tlie book. 
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An clement or group of elements, can displace another element or mup of 
elementB, with formation of salts ; as when an acid is made to act upon different 
metals, e.g. : — 

2Ha + Zn = Ha + ZnCl, (Exp. 2). 
SOjUog + Fe = H2 + SOsFeo" (Exp. 2). 

or when silicic anhydride is fused witli potassic carbonate or nitre : — ' 

GOKoa + SiO« = SiOEos + GOa (Exp. 92). 
2KO2K0 + SlOj = SlOKos + K2O4 -*- O (Exp. 93). 

The more volatile acid, as a rule, is driren out or displaced by the less volatile 
body, e.g, \ — 

SO2K03 + B2O3 1== SO3 4- 2BO£o (Chap. xrii). 
By far the most important are the chemical changes which are produced. 

Matter undergoes^ lastly, a chemical change — 

IV« "Wlieii a mutual exetaanve of elements or vroups of elements In 

two or more bodies takes plaee. 

These are often designated changes by double decomposition. A great 
number of chemical bodies originate in an exchange of this kind. 
It enables us, for instance, to convert — 

a. Chlorides into hgdralet, by the action of water or alkaline hydrates, e.g. : — 

PCI3 + 8 Ha = POHH02 + 3Ha. 
Phosphorous Phosphorous 

trichloride. acid. 

CuCii + 2x<faHo = OuHo2 + 2NaCl. 

b. Oxides or hydrates into chlorides, by the action of hydrochloric acid, e.g. : — 

CuO + 2HC1 = CuClj + OH2 (Exp. 57). 
Nallo + HCl « NaCl + OH, (Exp. 69). 

c. Sulphides into oxides, by the action of water (steam), e.g, s — 

F6S + OH2 = TeO + SH2. 

d^ Oxides or hydrates into sulphides, by means of sulphuretted hydro- 
gen, e.g, :— 

FbO + SH2 = FbS + OH2 (Exp. 48). 
FeHoa + SHj = PoS + 2OH2 (Exp. 48). 

f. Sulphides into Chlorides, by means of hydrochloric acid, e.g. x — 

ZnS + 2nCl « Z11CI2 + SHa (Exp. 42). 
f. Chlorides into Sulphides, by the action of sulphuretted hydrogen^^ e.g. i — 

Bercis + SH3 ==r B s + 2Ha (Sxp. 43). 

On addmg an acid to a solution o a Balt,a mutual exchange takes i^aee, 
which is frequently imperceptible to the eye, or is indicated only by a change in 
the colour of the liquid. 

a. A solution of WO2K0, when treated with dilute SO2H02, shows no signs 
of decomposition ; but on evaporation, SO^Kos crystallires out, it being Ices 
soluble than VO2K0. Nitric acid, on the other hand, is capable of decern* 



\ 
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posing poiassic sulpliate, provided the evaporation be conducted at a Bufficientlj 
low temperature (0^ C), at which NO2K0 is less soluble than SO3K03. 

On adding a solution of h jdroclUoric acid to a solution of cupric sulpliate, the 
partial exchange expressed by the equation — 

SOjCuo" + 2nCl = CuClj + SO2H02, 

is merely marked by a change of colour, from light blue (the colour of a solution 
of SO2 Cuo"), to green (the colour of GuCl^). 

b. The acid which is added forms with the base of certain salts a scarcely 
soluble compound, which is not precipitated from a dilute solution, e.^f. : — 

(KOj)2Pbo'' + 2H01- = PbCla + 2KO2H0. 

Soluble in 
much water. 

e, A volatile acid (or anhydride) is evolved, either at the ordinary temperaturo 
or on the application of heat, e.^. : — 

Naa + SO2H00 = HCl + SOjHoNao (Exp. 5G). 

NOsNao + SOsHos =^ NO2H0 + SOsHoNao (Exp. 65). 

SSOjNaoa + 2POH03 = 3SO2H03 + 2PONao3 {Chap. xvi). 

OOCao" + 2HC1 = OO2 + CaClj + OH2 (Exp. 61). 

OaFa + SO2H02 = 2IIF + SOjCao". 

SONao2 + SO2H02 = SO2 + SOaNaoj + OHj (Chap. xiii). 

d. The acid is liberated from the salt and is nearly insoluble in wat<jr (no 
change may possibly be observed in dilute solutions), e.^. : — 

SlONaoa + 2HC1 + OH2 = SIH04 + 2NaCl (Exp. 91). 
SiONaos + SO3H03 + OH2 » SiHo4 + S02Nao2. 
S406Nao2 + 2HC1 + OH2 = 4BOHo + 2NaCl (Exp. 85). 

c. A precipitate is produced, owing to the insolubility of one of the groups of 
elements (produced by a mutuiU exchange between salt and acid), e.ff. : — 

SaCla + SOaHoa = SO^ao'^ + 2HC1. 

Insoluble in 

water and 

acids. 

NOjAgo + HCl « Aga + KO2H0. 
SOaAgOa + 2HC1 = 2Aga + SO2H02. 
(WO^aPbo" + SO2H02 = SOgPbo" + 2KO2H0. 

A similar exchange of elements frcqucntlv takes place when a solution of 
one salt is added to a solution of another salt, e.^, : — 



lCl2 + SO2K02 = SOoBao" + 2KC1. 

KOoAgo + NaCl = AgCl + K02Nao. 

(lf62)2Pbo" + CONao. = COPbo" + 2KO«Nao. 
SO.Bao" + CONaoa = COBao"* + S02Nao2. 

The mutual exchange of elements between two salts need not necessarily be 
accompanied by the precipitation of a group of elements j it frequently suffices 
if the new compound be rendered less soluble than either of the two 
salts which were mixed together, e.ff.f 

A solution of KCl and li02Nao when evaporated at a low temperature, 
yields the two salts unclianged ; KCl crystallises out first. But on boiling the 



* By fusion with fusion-mixture, or by long-continued boiling with alkaline 
carbonat-es. 
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solution of the two salts, NaCl crystallises out, and WOoKo remains in solution, 
being more soluble than NaCl (comp. Chap. xx). On drawing off the boiling 
solution from the crystallised NaCI, potassic nitrate crystallises out on cooling. 

Then, again, on mixing solutions of NaCl and SOsMgo'', it is impossible to 
say how tlie acids and bases remain combined. They may exist 

1st, as NaCl and SOsMgo'', 

2nd, as MgrClj and SOzNao,, 

3rd, as NaCl, Mg-Clj, SOjNaoa, SOaMgo" ; 

but on evaporating the solution above 15^ C, NaCl crystallises out first (being the 
least soluble of the above salts at this temperature), and SOjMgo'' next, mixed 
with a little NaCl. When evaporated at a lower temperature, e.g.^ at 0* C, 
SOjNaos (being the least soluble at this low temperature) crystallises out first, 
and leaves KgCl2 ^ solution. 

Heat promotes the exchange of elements between two salts of different acids 
and bases : e^., 

2AmCl + GOCao'' - GaClj 4- GOAmoj. 

The change is owing to the volatile nature of ammonic carbonate, 

SOjKOi + 2AmCl « SOjAmOi + 2KC1. 

Tliese decompositions are frequently tlie reverse of the reactions which take place 
in the cold, between the solutions of two salts, e.g.^ 

OaClj + OOAmOi = OOCao" + 2AmCL 

owing to the insolubility of the calcic carbonate. 

Heat promotes likewise the formation of double silicates and borates, fiuorides 
and chlorides. These compounds are frequentlv broken up again on being dis- 
solved in water, the original salts being produced. 

For purposes of reference, the four di£ferent changes just enume- 
rated may be indicated by employing the bracketed letters — 

(G) standing for Change I, i.e., Combliimtloii. 

(R) „ „ II, I.e., Resolution. 

(D) „ „ m, t.e., Dlsplmcemeiit. 

(DD) ,, „ TV, I.e., Doable Decompoiltloii. 



PART II. 



A COURSE or QUALITATIVE CHEMICAL 

ANALYSIS. 
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Chapter I. 

DEFINITION OF QUALITATIVE ANALYSIS.— RE- 
AGENTS. — CHEMICAL OPERATIONS. — GROUP- 
REAGENTS AND SPECIAL REAGENTS. 

Chemical analysis consists in the performance of certain experi- 
ments : — ^with the object of putting, so to speak, certain questions 
to a substance, in order to ascertain the presence or absence of 
certain bodies. It is termed qualitative analysis, if the answer which 
is received reveals merely what kind of matter is present (from 
qualis), without regard to quantity. It is essential that these 
questions should not be put at random, but according to a well- 
considered, systematic order ; and that the answers should be inter- 
preted correctly. 

We have already seen, that there exists a resemblance between 
certain elementary as well as certain compound bodies ; at the same 
time the metallic, like the non-metallic elements, bear the stamp 
of a marked individuality which renders every classification, from 
whatever point of view we attempt it, more or less difficult — a 
difficulty which extends likewise to the various compounds which 
the elements form. Thus silver, which is classified (page 60) with 
the monad metals potassium and sodium, differs in a marked manner 
from the alkali metals. Iron, which exists in the dyad form in 

FeCla (ferrous chloride), and in the tetrad condition in < Pftpi' 

(ferric chloride), partakes in the dyad form of the character of the 
isomorphous diatomic metals of the magnesium group, e.g., man- 
ganese and zinc ; and resembles in the tetrad form aluminium and 
chromium. Copper, which in its cupric compounds offers certain 
points of resemblance to the magnesium group, resembles also in 
many respects the metals of the mercury group ;* the general com- 
position of the cuprous and mercurous and the cupric and mercuric 
oxides and chlorides being the same. Inorganic (as well as organic) 
compound bodies bear, for the most part, the impress of the 
elementary bodies which enter into their composition; and com- 
pounds built up of elements which have equal numbers of bonds, 
frequently show a certain analogy in their structure as well as a 
considerable similarity in their reactions. In studying the chemical 
changes to which the various bodies — elementary or compound — 
can be submitted, our attention must be mainly directed towards 
discovering and defining this similarity and dissimilarity. 

• H* Wurtz, Le^nB de Fhilosopbie chimique, p. 170. 

K 2 
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We employ reagents* as the means of producing chemical 
changes. By reagents are meant bodies — either elementary or 
compound — which are capable of reacting upon and revealing to us 
the nature of the substances under examination. They are usually 
divided, without any strict line of demarcation, into two classes ; 
viz., general and special reagents. General reagents are those which 
separate a number of substances — groups in fact — at one operation ; 
and special reagents those which are used to a limited extent only, 
and for the detection of individv4xl substances. 

In a laboratory the general reagents are most conveniently 
arranged over the working table within reach of each operator ; 
whilst the special reagents intended for the use of a number of 
chemical students, are usually placed in a fireely accessible part of 
the laboratory. 

A list of reagents, as well as directions for their preparation, 
will be found in the Appendix. Chemical students who have not 
the advantage of working in a well appointed laboratory, should 
devote much attention and care to the preparation of the reagents. 

Chemical Operations. — We add a reagent to a solution of an unknown 
body either by pouring it directly from the bottle, or by running it from a pipette, as 

sho-vm in Fig. 70, with the view of producmg 
a precipitate ;t »*.«., of converting the body 
from the soluble to the insoluble state. The 
reaction which takes place is mostly a 
change by double decomposition. Sometimes 
a precipitation is produced by voltaic ac- 
tion, sometimes merely by the substitution 
of one solvent for another. One or more 
bodies may be precipitated by one and the 
same reagent. As most precipitates are 
heavier tlian the liquid in which they are 
suspended, they fall to the bottom with 
more or less rapidity ; and the supernatant 
liquid may often be poured offer ilecaiited« 
without much disturbing the precipitate. 
This mode of separating fluids from preci- 
pitates is by far the most expeditious, and 
should be resorted to whenever it is appli- 
cable. The precipitate may be washed in 
the vessel itself by treatment with hot water 
and repeated decant ation. 

When a large quantity of a fluid has to 
be removed from a precipitate, it is best 
to siphon off the supernatant fluid. The 
precipitate may be washed with water, and 
the wash- water siphoned off repeatedly. 

Small quantities of a precipitate which 
do not subside readily are more quickly 
separated by filtration. For this purpose 
fannels are used, mostly of glass, conical 
in shape, and inclined at an angle of 60*. 
They may be conveniently supported on a 
Fio, 71. wooden stand, Fig. 71, or an iron or brass 




Fio. 70. 




• Comp. Chapter III, Part I. 



t Comp. Chapter VII, Part I. 
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ntarinK aUuid bb seen in Fig. 72. The OIMfIuv pspcr Bhoald be poi^ua and 
unsized, tnd cut in the form of a round alicet, which by being folded twice in 
the ihape of a quadrant, forms, on opening up, a paper cODo, at an angle of 
60°. the Alter ahouli eioctlj fit the funnel, without reaching quite to the 
rim, and should be moieteoed in the funnel with distilled wntor before any 
liquid is poured tlirough it. As most Mnds of fillering paper eontain traces of 
iron, lime, silica, etc., — with the exception of the so-called Swedish filtering 

Eper, which contains scarcely perceptible traeei of mineral Bubstanoes, — acid 
uids frequently diaaolre out traces of these bodies. In all accurate analyses the 
filtering paper should, on this account, be washed first with dilute hydrochloric 
or nitric acid, and then with hot water, before being used ; or else Swedish filter 
paper only should be employed. 

Uost precipitates retain with great pertini 
they were suspended, and it is therefore of ' 
wash them, in order to obtain Bccurate 
resulls. ForlJiiB purpose a muh-tiDttle 
(Fig. 72) is employed, whereby a fine jet 
of hot or cold distilleil water can be di- 
rected on to the filler in such a manner as 
to loosen and deUcli the precipitate from i 
the paper. The hquld should at no time 
quite fill the filter, as some precipitates 
haie a tendency to creep up and to get 
between the paper and the glass, and are 
carried into the allntte. This would 
entail repeated filtration. The washing 
of a precipitate on the filter is efibded 
most rapidly by allowing the wash-water 
to run off entirely each time before adding 
fresh quantities of distilled water. By re- 
peating this four or five times, moat pre- 
cipitates will be found sufficiently washed 
for gualitatiYe purposes, 

The student should guard himself agains 
substance which he wishes to eiamine. Heavy precipitates ei 
an operation which is most tedious and yet iDdispensahle. 

~ " ' ' ir the purposes of precipitation and separation 




> large a 



Teit tubea ai 



I (Fig. 73). After being well cleansed by the aid of a test-tube 
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brush, and rinaud out witli dulilled « 



or, tlief should be set Mid* fa> dttix in ft 

BeaJierB are somstimM emplojed if an uidjug isvolTra the KpATstioil of A 
■mall quantity of one BubMaDce tram a largs amount of onather, and when, of 
ueceHitji, large quantities of the subatAnce must be opented Upon. 

PareelKln Usfeea are emplojed for the purpose of ooncentratioii, or erapon- 
tion and ignition. Tbej can be healed eiihor b; means of a SrlHt lany 
(Fig. 74} , or a so-called BencUnB lamp (Fig. 76) , 
or, where coal gu can be procured, by means of 4 
Bniuen cm* lamp, prorided with a rose top, a« 
was ehown in Fig. 12. Sometime* a sheet of iron 
irire gauze or a sand-bath is interpoaod between 
the porcelain reesel and the gas flame, and is sup- 
ported on a retort ring or tripod stand. A oon- 
renient tripod su^ort for porcelain and glaat 
Teasels is shown in figs. 80 and 41, which prerents 
at (he same time the flame from being blown 

If solid substances hare to be eramined, the; 
should alnajB be powdered in a msfMf — an 

Bgate mortar should be employed for bard tub- 
itaneca, such aa minenls— b<^ore being diseolred in 
trater, avids, etc. 

Keactions involving the use of ndoable n- 
aceatB^Buch as salts of gold, platinom, silrer — 
should be performed on watoh-ctaBaca, with 
smalt quantities of the substance only. 

For the Ignition of precipitates we emrdoy 
mostly porcelain crucibles, or small porcelain 



1. To recognize teitk speed and certainty 
ihB pretence of vanous elementary 
and compound bodies. 

2. To effect their geparalion from each 

Fio. ia. I& order to accomplish this we ehall 

study more pflrticnlarly those chemical re- 
actions — both in the dry and in the wet way — which are essential ; 
but shall endeiLvonr, at the same tjme, to give as complete a view 
Be possible of other chemical changes which serve the pnrposes of 
qoalitative analysis, and which on this and other grotmds possees 
considcmble interest. 

We shall confine onrselves to the study of the S6 most im- 
portant elements abd their compomtds. 

There are certain reagents which effect the separation of a nnm> 
ber of bodies contained in a common solntion leaving all the others 
in solution. Such general reagents are then called grtntp-reagenU. 
Dissolve in water small quantitiea, of 

Argentic nitrate" 




SEPARATION INTO GROUPS. 
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Cupric nitrate. 
Cobaltic 
Baric 
Potassic 
To the solution add — 

HCl, a lohUe cwrdAf precipitate is obtained, which consists of argentic 
Cbloride, Aga ; filter. To the filtrate add— 

SHj, a hVnck precipitate is obtained consisting of cupric sulphide, GuS ; 
filter again, and to the filtrate add — 
AmCl, ] 
AmHo, A hUick precipitate comes down consisting of cobaltous sulphide, 

and I GoS ; filter, and to the filtrate add' 
SAni). J 

GOAmoj, a white precipitate is obtained, consisting of baric carbonate, 
OOBao''; filter, evaporate the filtrate and ignite to drive ofi* the amnionic salts. 
A white saline residue is left, containing potassic nitrate. 

What were the chemical changes that took place ? 

The changes were evidently produced hy the mutual exchange of 
elements in two bodies (changes by double decomposition) : i.e., the 
hydrochloric acid added in Group I. to the solution of the metallic 
nitrates, exchanged its hydrogen for the silver of the argentic nitrate ; 
and the sulphuretted hydrogen exchanged its hydrogen for the metal 
popper, leaving nitric acid and cupric sulphide, etc. 

The reactions may be expressed by the following equations : — 



NOaAgo 
Argentic 
nitrate. 

Cupric 
nitrate. 

58:coo" 

Cobaltous 
nitrate. 

58?-" 

Baric 
nitrate. 



HCl 



SAms 



-I- OOAmos — 



AgCl 
Argentic 
chloride. 


+ 


NO2H0. 


GiiS« 


+ 


2NO2H0. 


Oupric 
Bulpnide. 






Cos 


+ 


2NOaAmo. 


Cobaltous 
sulphide. 






COBao" 


+ 


2N09Amo. 


Baric 
carbonate. 







Silver, copper, cobalt, and potassium are, however, not the only 
metals which might have been separated by these same reagents. 

The following table exhibits the five groups into which all 
metallio bodies classify themselves on the addition of the several 
gronp-reagents. 



* It is immaterial whether we write SCu or Ov8, since both sulphur and 
copper are dyad elements. 
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Thus far group-Tesbgenta assist ns in separating bodies, bnt when, 
as in Groap IV, the white precipitate produced by the group- 
reagent, COAmo2, leaves us still in doubt whether a barium, stron- 
dium, or calcium compound was present in the solution, further 
experiments must evidently be made with a view of completely 
identifying the substance under examination. This the student 
will only be able to do by making himself first practically familiar 
with the different changes or reactions which the members of the 
various groups of metals can be made to undergo : and after under- 
standing the use of the group-reagents, he should direct his atten- 
tion to the special reactions which distinguish atid sepa/rate one 
metal from another or from several otliers. This may frequently be 
done in more than one way ; one reaction, however, as a rule, de- 
serves the preference over others, on account of the greater exactness 
which distinguishes it, or on account of increased facility of execu- 
tion, or of both. 

Certain reactions, lastly, will have to be studied, which are not 
directly available for the separation of the members of a group from 
each other, but to which considerable interest is attached as being 
illustrative of some valuable property or other of the metals. 

The tabular form, which is, no doubt, the most compact and 
summary mode of arranging chemical reactions, will often be adopted 
for embodying such reliable and expeditious methods of separation 
as have stood the test of experience in the laboratory. The direc- 
tions given will be concise and divested of all explanatory matter. 
On no account should a student use any tabular directions, how- 
ever, without first having made himself practically acquainted with 
the details of the reactions ; and to counteract any pemicous influ- 
ence which the use of tables might have, the student should learn 
to draw up tables for the several other processes of separation which 
are frequently possible. 

A deviation from the natural course of studying the reactions of 
the metals by beginning with Group I, and so on, will be justified 
on the ground of greater simplicity, and on account of the far 
greater importance which is attached to the metals of Group V, 
especially the alkali metals. Experience has shown that students 
have less difficulty in mastering the reactions by reversing the order 
of the groups, beginning with the study of the alkali and alkaline- 
earthy metals ; and that a thorough knowledge of the metals of these 
groups is of material assistance in understanding the qualitative 
changes to which the metals proper are subjected. 



Chapter II. 

REACTIONS OF THE ;M[ETALS OF GROUP V. 

This group comprises the metals potassium, sodium, ammonium, and 
MAGNESIUM, which are not precipitated by any group-reagent. 
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1. POTASSIXTMj EL — Occurs in nature only in a few minerals, 
of which nitre or saltpetre is the most important. Potassium is 
present in larger or smaller quantities in a few silicates and sul- 
phates, such as felspar, alumstone. It is also found in the ashes of 
plants (crvde potashes), and in the form of chloride in saline deposits 
(at Stassfurth, in Prussia, and elsewhere). 

REACTIONS IN THE DRY WAY. 

Potassium compounds, when heat-ed on platinum wire in the 
inner flame'of the blowpipe impart a violet colour to the outer flame. 

This appUes more particularlj to potassic salts which are Tolatile without 
decomposition at a Terr strong heat (such as potassic chloride, bromide, and 
iodide) or which are decomposed by heat; but not to non-volatile potaasio 
salts, such as phosphates or borates, which give scarcely any flame reaction. The 
presence of sodium compounds gires rise to an intense golden yeUofo flame, and 
conceals the potassium reaction ; but when seen through a blue glass, or indigo- 

Cn, the yellow or sodium flame is entirely cut off, and the potassium flame 
mes distinctly visible, and is then of a rich reddish-violet colour. 

REACTIONS IN THE WET WAY. 
We EMPLOY A SOLUTION OP POTASSIC CHLORIDE, KCl. 

PtOli (platlnlc chloride) precipitates from potassic solutions 
which are not too dilute, a yellow crystalline precipitate of potaMie 
plaHnlc chloride, 2KC1, PtCU, insoluble* in alcohol and ether, as 
well as in acids. 

{OOHo 
OHHo (Tartaric add) precipitates white crystalline hydrle potaisle 
OHHo rOOKo 

OOHo Tartrate, I g^go^ ^^ n^MtniX and sufficiently concentrated 

LoOHo 
Bolutions. The precipitate settles rapidly, especially on shaking or stirrinff. 

2HF, SIF4 (hydroflaoslUclc add) gives a white gelcdimme precipitate of 
potassic slllcollaorldc, 2KF, SIF4. 

Potassic salts are for the most part soluble in water, hence so 
few reactions ; the hydrate and carbonate constitute two important 
reagents, on account of the great af&nity which the powerM base 
potassa possesses for the acids with which the metals of other groups 
may be combined. 

2. SODIUM, Na. — Occurs in nature in vast masses, as roc^ saU^ 
NaCl ; as carbonate, in native soda, CONaos, lOOHt, and in irona^ 
CONaoj, 2C0HoNao,3OH2 ; as nitrate, in cubic nitre, or Chili salt- 
petre, NOaNao ; as sulphate or gloAiher salt, S02N'ao2, lOOHj ; as hvbo' 

SO 
ra^e, B406Nao2, lOOHj; as glauberite, gQ^KoaCao'^andas cryoZite, 

6NaF, ^laFe, and in many silicates, of which alhite may be taken 

* Tbe degree of solubility of a precipitate in difibrent med« can odiy be 
ascertained by laborious quantitative experiments. The student wiU there- 
fore be expected to verify only those statements respecting the solubility of the 
precipitates -which require no quantitatiye knowledge. 
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as the representative. All natural sodium compounds, with the 
exception of the last two minerals are soluble in water. 

REACTIONS IN THE DRY WAY. 

We almost exclusively rely for the detection of sodium upon 
the characteristic colour — an intense golden yellow — which its com- 
pounds impart to the outer flame of the blowpipe. Some sodic 
salts are readily recognized by their characteristic taste, especially 
rock salt and cubic nitre. 

REACTIONS IN THE WET WAY. 

We employ a solution op sodic chloride, NaCl. 

Sodic salts are even more freely soluble than potassic salts, 
and platinic chloride or tartaric acid give no precipitates. Hydro- 
fluosilicic acid gives a gelatinous precipitate from concentrated solu- 
tions only. 

SbOjEo (potassle metantliniiiilatc) produces a white crystalline pre- 
cipitate of sodic metantlinoiiiate) from, neutral or alkaline solutions, if tney 
are not too dilute. The precipitate is insoluble in alcohol. (The solution should 
only contain alkali metals.) 

Sodic hydrate and sodic carbonate act in every respect like 
potassic hydrate or carbonate. Pure sodic hydrate is now prepared 
m)m the metal sodium, and deserves the preference over potassic 
hydrate.* 



3. AMMONIUM^Am = NH* (comp. Chap. XV, Part I). 

REACTIONS IN THE DRY WAY. 

Ammonic salts, when heated in a test-tube, Tolatillze, either 
entirely or partially. Salts with fixed acids, such as phosphoric 
acid, lose ammonia, NH3. Salts of ammonium with volatile acids 
can be volatilized, either with decomposition, such as the nitrate, 
nitrite, sulphate; or without decomposition, such as the chloride, 
bromide, iodide : the latter salts condense again unchanged ; they evh' 
UmCy and are found in the upper part of the test tube. 

REACTIONS IN THE WET WAY. 

We employ a solution op ammonic chloride. Am CI. 

PtCli produces a heavy yellow precipitate of ammoiile platlnle 
lAlorlde, 2AmCl, PtCU. The precipitate is soluble in much water 
(hence there appears no precipitate from dilute anmionic solutions) ; 
but insoluble in alcohol and ether. Ammonic platinic chloride 
leaves on ignition only spongy platinum. (Distinction from 
Potassic Platinic Chloride, which leaves spongy platinum and 
potassic chloride, Pt -f 2KC1). 

* The student should make himself quite familiar with the properties of the 
various salts of potassium and sodium, also with the interesting processes of 
manuiacturing sodic carbonate from the chloride ; sodic silicate (water'^lass) ; 
potassic chlorate, ^., &o. 
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"* OHH^ (tartarie aeld) produces from a oonoentrated solution of ommomc 

LOOHo 
chloride a white crystalline precipitate of hydrte ammoiilc tartrmte,resembUng 
the potassium precipitate in its properties. The two precipitates are readilj distin- 
ffuisned on igmtion. ^Hydric potassic tartrate leaves a carbonaceous residue, which 
IS strongly idkaline, and dissolves in water (potassic carbonate) ; the other leaves 
merely a residue of carbon, devoid of any iJkaline reaction. 

Ammonic salts are decomposed with evolution of ammonia gas 
when heated with a hydrate of an alkali (KHo,NaHo), or alkaline 
earthy metal (BaHo2,CaHo2), thus : — 

2AmCl + CaHo, = 2NH3 + CaCl, + 20H,. 

Ammonia gas is readily recognized, 1st, by its pungent odour ; 
2nd, by its turning red litmus paper, moistened with a drop of dis- 
tilled water, blt^ ; 3rd, by its combining with the vapour of volatile 
a^cids (such as hydrochloric acid), to form white fames (AmCl). 

Nessler^s test* for traces of ammonia. — If a potassic solution of 
potassic mercuric iodide, 2KI, Bglj, be added to a fluid containing 
mere traces of ammonia or of an ammonic salt, a brown precipitate 
of dimercurammonic iodide or yellow to brown coloration is pro- 
duced, according to the quantity of the ammonium compound 
present — 

2(2KI,HgI,) + 3KHo + NH4H0 = NHg" J,OH, + 7KI + 30H,. 

Brown pp. 

Ammonic hydrate and carbonate, as well as various other am- 
monium compounds, e.g., ammonic chloride, are among the most 
useful reagents which we possess. 

QUESTIONS AND EXERCISES. 

1. Mention some natural compounds in which potassium occurs. 

2. How are potassium compounds recognized in the wet way ? 

8. How can potassium and sodium compounds be distinguished before the 
blowpipe flame P 

4. State how you would ascertain whether the vellow precipitate produced by 
platinic chloride indicates the presence of a salt of ammonium or potas- 
sium, or of both. 

6. How can hydric potassic tartrate be distinguished from hydrio ammonic 
tartrate ? 

6. How can sodium compounds be recognized in the wet way ? 

7. Which sodic salts are found native P 

8. What changes do the following ammonic salts undergo upon ignition : — 

ammonic chloride, ammonic nitrate, ammonic nitrite, ammonic phosphate, 
IPOAmoj, ammonic carbonate, OOAmosi ammonic iodide ? 

9. How is spongy platinum prepared P 

10. How would you test for mere traces of ammonia ? 

11. How much spongy platinum is obtained from 2*345 grms. of ammonic 

platinic chloride P 



For the preparation of Nessler's solution, see Appendix. 
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12. How much dry ammonia gas by volume (litres) and weight can be obtained 

bj distillation with calcic hydrate from 5 grms. of ammonio chloride ? 

13. How would you examine a mixture containing ammonic chloride and potassio 

chloride ? 

14. 2 grms. of the mixed chlorides of potassium and sodium gare by precipitation 

with platinic chloride 3.671 grms. of potassic platinic chloride, 2KG1, 
PtCl4 ; what is the percentage of potassium and sodium in the mixed 
chlorides ? 

15. A mixture of 1*5 grm. of sodic and ammonic chloride lost on ignition '23i 

grm. ; what is the percentage of ammonic and sodic chloride present in 
the mixture ? 

16. Calculate the percentage composition of borax. 



4. IMIAGNESIUM^ Mg.— Occurs in nature as oxide, in the 
jiaiieral periclase, IMKgO; as hydrate in hrucite, ]MKgno2; as carbonate 
inmagTiesite^ COMgo", and in hydromagnedte, C30Ho2Mgo"4,30H2 ; 

as DOUBLE CARBONATE in dolomite^ -,^Cao"Mgo", and mesitine spar, 

CO 

JI>vMgo"Feo" ; as sulphate in epsomite, SOHo2Mgo",60H2; as phos- 

/"O N 
phate in wdgnerite, r202Mgo"22 ( -piMg" j; as silicate in peridote, 

SlMgo",, enstatite, SiOMgo", steatite, Si406Mgo"3, talc, Si506Mgo"4, 

serpentine, 2|tt -sjf „Mgo", nieerscJiaum, Si302Ho4Mgo"8 and in 

dtopaide, 2-/^Cao"Mgo" ; and lastly, as borate in horadte, BeOsMgo^s. 

reactions in the dry way. 

The most characteristic reaction for magnesia in the dry way is 
the pale rose colour which this alkaline earth acquires on moistening 
with cobaltous nitrate, and then igniting it once more strongly on 

charcoal. 

This colour can, howerer, only be relied on when no other metallic oxides are 
present ; and as magnesium does not colour the outer blowpipe flame, recourse 
must almost invariably be had to tlie reactions in the wet way. Ignition of the 
sulphate on charcoal in the reducing flame yields the sulphide, BKgS. Prolonged 
ignition of the carbonate yields caustic magnesia, BKgO, which is almost insoluble 
in water. 

REACTIONS IN THE WET WAY. 

For this purpose a solution of magnesic chloride, HffgClj, or 
MAGNESIC SULPHATE, SOaMgo", is employed. 

Magnesia is not precipitated by ammonia in the presence of am- 
monic chloride, because it forms a soluble double chloride, 2AmCl, 
HUgClj. In the absence of ammonic chloride, half the magnesia is 
precipitated as hydrate, JUKg^Oz, thus : — 

2MgCla + 2AmHo = »IgHo, + 2AmCl,»ffgCl,. 

Soluble double cliloride. 

In the presence of ammonic chloride the magnesic hydrate is at 
once decomposed into magnesic chloride (IWIgHoa +• 2AmCl = 
jIUgQlj -I- 2AmHo), and no precipitation takes place, nor is the 
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double obloride precipitated by ammonic, Bodio or potassio car- 
bonate. Hence magnesiiun cannot be precipitated in Qronps IH 
and TV, provided a sufficient amount of a/mmofdc chloride he pre* 
sent. 

Potassic, sodio, calcic and baric hydrate precipitate white 
mmvnesie hydrate, insoluble in water. Aimmonic chloride, as well 
as other amnionic salts, dissolve it readily, or if originally present, 
prevent its formation. 

Sulphnric, hydrofluosilicic and oxalic acid, < ^qtt » form soluble 

magnesic salts. 

POHoNaos (hydrlc dlsodlc phosphate), precipitates hydrle 
nasnesle phosphate, POHoMgo". 

The precipitation is complete in the presence of anmionic chloride 
and ammonia. P0AmoMgo",6Aq, ammoiilc masneale phosphate, 
falls as a white crystalline precipitate. The separation &om a 
dilute solution of a magnesic salt is promoted by gentle heat, and 
by stirring with a glass rod. The precipitate is but slightly soluble 
in water and ammonic salts. In water containing ammonia it is 
practically insoluble. Dilute mineral acids dissolve it as well as 
acetic acid. From very dilute solutions the precipitate separates 
only on standing for about 24 hours in a warm place. 

On heating magnesic chloride, BKgCl2i '^ith precipitated mercuric oxide, SgO, 
the chloride Is converted Into oxide, mercuric chloride, S^Gl2, beioA 
Tolatilized. This experiment must be conducted in a cupboard wliioh is proridea 
'with a good indraught of air, and is in connection with a chimney flue. 

Methods for the recognition of Mg, K, Na, and Am will readily 
suggest themselves, if we bear in mind — 

Ist. Uie volatility of ammonic salts (phosphates and borates 

excepted). 
2nd. The insolubility of XISgHoi in water, 
3rd. The insolubility of 2KCl,rtCl4 in alcohol. 
4th. The intense yellow coloration which sodium imparts to the 

blowpipe flame. • 

A solution containing salts of Mg, K, Na, and Am, may be 
examined as follows : — 

Ist. Heat a portion with NaHo ; ammonia gas is giren off, -which is recognised 
by its pungent odour, etc. — presence of Am. 

2nd. To a second portion add AmCl, AmHo, and POHoNaoj, a white eryttaUmt 
precipitate mdicates the presenee of BKfl^. 

8rd. Evaporate a third portion to dryness and ignite strongly. Extract with 
hot water, and add BaHoj, till the whole of the Mg is precipitated as 
BKgHoj ; filter. To the filtrate add OOAmoj, as long as a precipitate is 
produced, and filter again. Evaporate the filtrate to dryness, and ignite 
strongly to expel ammonic salts. Dissolve the residue in a little water, 
filter off a trace of BKgO (if any), and test filtrate for K by means of PtCU | 
a yeUow crystalline precipitate — presence of K, and for Na by heating 
on a platinum wire before the blowpipe flame ; a golden yellow flame 
indicates the presence of Va« 
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QUESTIONS AND EXERCISES. 

1. How is magnesio sulphate prepared — let, from moffnesite; 2nd, from 

dolomite t 

2. Which are the most important magnesium minerals ? Give constitutional 

and graphic formul®. 
8. How is magnesium detected in the dry way ? 
4. Explain the action which ammonia, potassic hydrate, and sodio carbonate 

have upon solutions of magnesic salts in the presence of ammonic salts, 

and also without them. 
6. How is magnesic hydrate obtained from soluble magnesic salts ? 

6. Describe fiUly the most characteristic reaction for magnesio salts in the wet 

wav. 

7. How IS magnesic chloride converted into oxide in the dry way ? 

8. How is magnesium separated from potassium and sodium ? 

9. Calculate the percentage composition of magnesite and epsomite. 

10. How much crystallised magnesic sulphate, SOHo2Mgo'',60H3, can be pre- 
pared from one ton of pure magnesite ? 



Chapter III. 
REACTIONS OF THE METALS OF GROUP IV. 

This grotip comprises the metals baritjm, strontium, calcium, which 
are precipitated by ammonic carbonate from an ammoniacal solution 
in the presence of ammonic chloride. The latter prevents the pre- 
cipitation of magnesium (if present in sufficient quantities). 



1. BARIUM, Ba. — Occurs in nature chiefly in the form of heavy 
spar, SOsBao", and as witherite, COBao". 

REACTIONS IN THE DRY WAT. 

Barium compounds, when heated on platinum wire in the inner 
blowpipe flame, impart a jeliowIiBli vreen colour to the outer 
flame. 

Heavj spar beated on charcoal in the reducing flame ib reduced to baric 
sulphide, BaS, wbich fuses readily. Tbis reaction is made use of to prepare, on 
a manufl^turing scale, soluble baric salts from the sulphate. Baric carbonate 
is decomposed only by ignition to a strong white heat. 

REACTIONS IN THE WET WAY. 

Baric salts are obtained by dissolving the native carbonate or 
wiiherite in acids.* Heavy spar is attacked by alkaline carbonates 
at a high temperature. By mixing on a small scale finely powdered 
baric sulphate with three to four times its weight of fusion mixture 

* Dilute acids (HCl or IIO3H0) should bo employed, as the baric chloride 
and baric nitrate, which result from the action of these acids upon witherite, are 
insoluble in the concentrated acids. 
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and heating in a platinum crucible over a gas flame, it is conyertod 
into baric carbonate, thus : — 

2SO,Bao" + CONacCOKo, = 2COBao" + SONao„SO,Ko,. 

InBol. in -water. Soluble in water. 

On extracting the fused mass with hot water and filtering, 
COBao" is left, from which, by the addition of the respective acids, 
small quantities of the different baric salts can be prepared. 

The same applies to celestine, SOjSro". 

A SOLUTION OF BARIC CHLORIDE, BaCla, is employed. 

COAmos (sroap-remffent) precipitates white baric earbonate, 
COBao", sol able with decomposition in acids ; somewhat soluble in 
ammonic chloride. With carbonic acid it forms a soluble acid car- 
bonate or dihydric dicarbonate, Cs02Ho2Bao", but is reprecipitated 
on boiling with evolution of carbonic anhydride. 

CONaos and COK02, same precipitate. 

KHo and NaHo give from concentrated solutions a voluminou* precipitate of 
baric bjdrate, BaHos, soluble in water. A solution of the hy(h-ate in water 
is known as haryta-water. It possesses a strong alkaline reaction, and great 
affinity for carbonic anhydride. 

AmHo gives no precipitate. 

SO2H02, as well as all soluble solpbatcs, precipitate heavy white 
granular baric salpbate, SOsBao", even from very dilute solutions 
of baric salts, insoluble in water, dilute acids and alkalies ; soluble 
in concentrated boiling sulphuric acid, with formation of dihydric 
baric disulphate, S204Ho2Bao". The presence of an alkaline citrate 
greatly interferes with its precipitation. Solutions of strontic or 
calcic sulphate (two sulphates which are but slightly soluble in 
water, especially the former), constitute the most delicate test for 
barium. Baric sulphate is insoluble in ammonic sulphate, SOaAmOf. 
!>, — (Distinction of BARiiJM^FROM\sTRONTjuMjANft) calcium). 

POiroNao2 (bydric dlsodlc pbospbate) gires from neutral or alkaline 
solutions a white precipitate of bydric baric pbospbate, POHoBao'^ readily 
soluble in dilute nitric, hydrochloric or acetic acid. Perceptibly soluble in 
ammonic chloride. 

I JoAmo C^™™®"** oxalate) gives from a moderately dilute solution 

of a baric salt a white pulverulent precipitate of baric oxalate, •< SoBao'^ 

soluble in dilute nitric or hydrochloric acid. Soluble also in oxalic and acetic 
acids when freshly precipitated. 

Or02K[o2 (Potassic cbromatc) gires a yellow precipitate of barie 
cbromate, OrOjBao", readily soluble in nitric, hydrochloric or ohromio 
acid (OrOaHoj) — reprecipitated by ammonia (distinction piiom stbontiux akd 

CALCIUM WHICH AEB NOT PEECIPITATED FBOM DILUTE SOLUTIONS). 

2HF,SiF4 (Hydroflooslllric arid) gives a white crystalline precipi- 
tate of baric sUlcollaoridc, BaFs,SiF4, which snbsides quickly, 
especially upon the addition of an equal bulk of alcohol. It is 
somewhat soluble in water, insoluble in alcohol and dilute acids. 
(Distinction of baric from strontic and calcic salts, which giyb 
no precipitate.) 
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Barium, in baric peroxide, is combined with two atoms of oxygen, 
which are linked to the metal by one of their bonds only, the 
other bonds being linked together. Ba/ric peroxide is a powerful 
oxidising agent. It is formed by passing oxygen over baric oxide, 
heated to dnll redness, thus:— 2BaO -f O2 = 2BaOa. Heat 
spUts it up again into baric oxide and oxygen; and dilute acids 
liberate a molecule of hydroxyl, Hoj, thus: — BaOa + 2HC1 == 
BaCli + Ho,. 

Soluble baric salts, such as baric chloride, nitrate or acetate, 

constitute exceedingly useM reagents for the detection of acids, on 

account of the metal barium forming insoluble salts with most 

adds* 

QUESTIONS AND EXERCISES. 

1. How can baric sulphate be conyerted into baric nitrate or chloride ? 

2. Which are the natural compounds of barium ? 

3. Express in symbolic equations the different reactions for barium. 

4. Which are the most delicate reactions for barium ? 

6. How can barium be separated from strontium and calcium ? 

6. 1*236 grm. of mtherite gaye "966 grm. of baric sulphate ; what is the percentage 

of barium and of baric carbonate in the mineral ? 

7. How is BftQ \ prepared, and what reaction takes place when it is suspended 

in water and treated with carbonic anhydride ? 

8. A sample of heavy spar contains 96*5 per cent, of pure sulphate. How much 

baric sulphide, and how much baric nitrate can be obtained from 1 cwt. 
of the mineral ? 



2. STHONTIUM, Sr".— Occurs in nature as sulphate, in the 
mineral celestine, SOjSro"; and as carbonate or strontiamtej COSro"., 

EXAMINATION IN THE DRY WAY. 

Strontium compounds, when heated on platinum wire in the 
inner flame, colour t]ie outer flame crimson* 

Celestine, heated on charcoal in the reducing flame, is conyerted into sulphide, 
SrS, from which the chloride may be prepared for blowpipe and other reactions, 
bj treating the residue with hydrochloric acid. 

REACTIONS IN THE WET WAY. 
Wo use A SOLUTION OF STRONTIC CHLORIDE, SrCly. 

COAmO] (vroap-reaseKt) gives a white precipitate of strontle 
earbonate, COSro", less soluble in amnionic chloride than the 
corresponding baric carbonate ; soluble in dilute acids. Carbonic acid 
produces the soluble dihydric strontic dicarbonate, CsOiHosSro", 
which is decomposed on boiling into normal carbonate, carbonic 
anhydride and water. 

CONaos and COK03, same precipitate. 

SOfHoa, or soluble siapiiates, produces a white precipitate of 
strontle salphate, SOaSro''. From dilute solutions a precipitate 
appears only after some Ume, Heat assists the precipitation. The 
precipitate dissolves perceptibly in hydrochloric or nitric acid, but 

L 
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is vnsoUible in alcohol. It is insoluble also in a concentrated solution 
of amnionic sulphate, SOiAmoi (distinction between strontium 
AND calcium). 

A solution of strontio sulphate in water precipitates baric salts. 

{ OO^^ (Ammome oxalate) precipitates strontio salts more readily 

than bario salts. The wUte precipitate of strontle oxalate, I ^qSto'^ is 

readily soluble in dilute nitric or hydrochloric acid; somewhat solubl* in 
ammonio chloride ; but sparingly soluble in oxalic or acetic add. 

QUESTIONS AND EXEEOISES. 

1. Which are the principal strontium minerals ? 

2. How are strontic chloride and nitrate i»repared — 1st. from ttronHanUes Bud. 

from celestine f 
8. Which are the most characteristic reactions for strontium P 
4. How can strontium be distinguished from barium P 
6. What is the percentage of strontium in siroiUianUe and in a^Mtme f 
6. How can strontium be separated from calcium P 



8. CALCIXTMy Ca". — Occurs in nature in the minerali vegetable 
and animal kingdom in vast masses, in combination with carbonic, 
sulphuric, silicic and phosphoric acidis. In plants it occurs combraed 
with carbonic, sulphuric and phosphoric acids; in animals, com- 
bined with phosphoric and carbonic acids. It is occasionally also 
found in minerals which result from the action of acids (such as 
nitric or arsenic acid) upon cole spar. 

The principal calcium minerals are the various calcic carbonates, 
difiering in physical properties or in crystalline struotare^ such as 
calo spar, COCao" (containing occasionally barium, magnesium, 
iron, manganese, lead, in variable proportions, and passing gradually 
into harytO'Calcite and dolomite, stderite, dudlogite and plumbo^ 
ecUcite), arragonite, marble, Umestone, chalk; the sulphates, such as 
gypswm,, SHoiOao", anhydrite^ SOsCao", cdahasier, selemte ; the phos- 
phates, such as apatite, V90$Cao*\ f ^Ca" y, ^on^aar^^, PiOsCao' » ; 
and floor spar, CaFf. 

REACTIONS IN THE DRY WAY. 

Most calcium compounds, when heated in the inner flame of the 
Uowpipe, colour the outer flame yellowttli redf calcic phosphate 
and Derate excepted. The presence of barium or strontium ^ntirajjr 
obscures the calcium reaction. 

Calcic carbonate when stronsly ignited becomes oonrerted into oaustio or 
quicklime, OaO, which reacts ukaline. It combines with water T&rj eaffer]y, 
erolying much heat, and is converted into calcic hrdrate, OftHos (slaked mne). 
Calcic sulphate is conyerted into calcic sulphide, OaS, when ignited on oharooal 
in the reducing flame. The mass reacts likewise alkaline. 

REACTIONS IK THE WET WAY^ 

Calcic salts are readily prepared from pure oalc spar or fnor&fa^ 
by means of dilute acids. 



SEPARATION OF BARIUM, STRONTIUM, AND CALCIUM. 14V 

We employ A solittion of calcic chloride, CaClj. 

COAino2 (sroup-reasent) precipitates white calcic cartNHtatc, 
COCao", which is bulky and amorphous at first, but on heating 
becomes rapidly crystalline. The precipitate is somewhat soluble vf^ 
ammonio chloride, when freshly precipitated. 

CONaoa and COKo2, same reaction. 

SO2H03, or soluble sulphates, precipitates from concentrated solutions of 
a etdoic salt white calcic sulphate, SOHo^Cao'^ + Aq, soluble in much water, 
and still more soluble in acids. A precipitate is obtained on the addition of 
alcohol from solutions which are too dilute to be precipitated by sulphuric acid 
or a soluble sulphate. Calcic sulphate dissolves readily on boilmg in a concen- 
trated solution of ammonic sulphate. 

A solution of calcic sulphate precipitates baric and strontic salts. 

POHoNaos (hydrlc dlsodlc phosphate) gives a bulky white precipitate of 
tricalcic phosphate, PjOjCao^'s, soluble in dilute hydrochloric or nitric acid, 
and soluble in acetic acid ; reprecipitated by ammonia. 

I CO A (lunmonlc oxalate) produces from a very dilute solution 

of a calcic salt a white pulverulent precipitate of calcic oxalate, 

f CO 

< CQCao" 4- 2Aq., readily soluble in hydrochloric or nitric acid ; 

not perceptibly soluble in oxaHc or acetic acid. On gentle ignition 
calcic oxalate breaks up into calcic carbonate, and carbonic oxide 
gas (CO), and on igniting very strongly it leaves caustic lime. 

Soluble calcic salts, such as the chloride or nitrate, constitute 
very important reagents for the detection of acids, on account of the 
metal calcium forming insoluble salts with most acids. 



QUESTIONS AND EXERCISES. 

1. Which are the most important natural lime compounds ? 

2. Give graphic formulsD for ffypaum, anhydrite, cole 9par,Jluor tpar, apcttite, 
8. Which are the most delicat-e reactions for calcium in the wet way ? 

4. How is arrayonite converted into calcic oxalate ? 
6. Calculate the percentage composition of bone-ash. 

6. Explain the terms — caustic or quicklime, slaked lime, lime water. 

7. How is a solution of calcic sidphate employed for the detection of barium and 

strontium ? 

Separation of Barvum^ Strontium^ a/nd Oalcium, — Barium minerals 
frequently contain strontium and calcium, and strontium mineralB 
barium and calcium as well. The separation of these metals is 
based upon — 

1st. The insolubility of BaCla in ah&olute alcohol (SrCla and 

CaCU being soluble). 
2iid. The insolubility of IfaOiBao", and IfaOiSro" in aibsolute 

alcohol (calcic nitrate being soluble). 

A hydrochloric acid solution of the mineral containing Ba and Sr, or Sr and 
Ca, or possibly Ba, Sr and Ca, is prepared, and the solution evaporated to dry- 
ness and gently ignited. 

Barium is separated from strontium and calcium, by digesting the finely 
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diyided residue with absolute alcohol, and separating the undissolyed BaCl] by 
filtration. 

Strontium is separated from calcium bj eyaporating or distilling off the 
absolute alcohol, which contains the SrCl] ana OaCf2 ; precipitatmg with 
OOAmoj, and conyersion of the strontic and calcic carbonates into nitrates hj 
means of dilute nitric acid. The solution of the two nitrates is eyaporated to dry- 
ness, and absolute alcohol added, when calcic nitrato is dissolyed out, strontic 
nitrate being insoluble in absolute alcohol. 

On setting fire to alcohol containing baric, strontic, or calcic 
chloride (or nitrate) in solntion, the alcohol is seen tp bum with the 
characteristic colonr observed when traces of these salts were heated 
on a platinum wire. 

Several methods of recognizing and of separating the metals of 
Ghroup rV will suggest themselves. 

It is often useful to ascertain whether one or. two, or all the metals of this 
group are present in a solution. This can be done by adding to their neutral 
solution a solution of OrOsKoj, or 2HF,SiF4. A yellow or a wmto crystalline pre- 
cipitate indicates barium. To the filtrate add SOsOao^'; a precipitate forms perhaps 
only after some time, proying the presence of strontium ; or the solution remains 
clear, in which case calcium only need be looked for, the presence of which is 

r flOAmn 

indicated by the precipitate which •< f\r\krnn P^^^^^^ from another portion of 
the largely diluted solution. 

The student will have no difficulty in drawing up a tabular 
analytical schemq* based upon : — 

1st. The inaolubility of BaCls and ZffOiSro" in cbbsohde alcohol. 
2nd. The insohibility of BaClg in absolute alcohol and thai of 

S02Sro" in a concentrated solution of SOjAmos. 
3rd. The insolubility of BaFz, SIFa, or CrOaBao", as well as of 

SOiSro" in water ; calcic sulphate beiiig sufficiently soluble to 

give a precipitate with amnionic oxalate. 

PRACTICAL EXEECISESf ON GROUPS IV AND V. 

Tou are requested to analyze — 

1. A solution of salts of the metals K, Mg, and Ba. 

2. A mixture (about *500 grm.) of the solid salts NaCl, SrCls> Ai^d magnuia 

alha (OaHo4Mgo''4). 
8. A mixture of the solid salte AmCl, BaClj and OOCao''. 

4. A mixture of the salts AmCl and SO^Mgo''. 

5. A mixture containing finely powdered marble, baric carbonate and common 

salt. 

6. A solution of BaCls and SrClj, containing '010 grm. of Ba and *100 grm. 

ofSr. 

7. A solution of NaCl, KCl, and BKgOl], containing *020 grm. of K, *200 grm. 

of Na, and '050 grm. of Me. 

8. A solution of SrClj and ^OaUlj, containing '060 grm. of Sr, and *600 grm. 

ofCa. 

* Table lY in the analytical tables at the end of the book contains a scheme 
embodying method 2. 

t As a control upon the work done in a laboratory the analytical results 
should be carefully recorded (as far as possible, in a tabular form), uid should be 
open to inspection. 
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Chapter IV. 

REACTIONS OF THE METALS OF GBOUP HI, OB 

SAxn, GROTTP. 

Group III comprises the metals Nickel, Cobalt, Manganese, Zinc, 
Iron, Chromium, Aluminium, likewise the phosphates of these metals, 
and of Magnesium, Barium, Strontium, and Calcium. 

1. Add to a solution* containing ll304Coo'^ FejCl^, and calcic phospliate, 
diBflolved in a httle dilute hydrochloric acid, a concentrated solution of amnionic 
chloride, and then ammonia. A precipitate is produced. Filter and add to the 
filtrate SAjuj. A further precipitation takes place ; the precipitate is black. 

This shows that some metnbers of this group are precipitated by 
AmCl and AmHo ; others only on the addition of SAvrui. 

2. Add to a solution of Fe^Cls, OrsOlg, and AljCl^, ammonic chloride and 
Ammonia, till it is distinctly ammoniacal. A bulky gelatinous precipitate is 
obtained. Filter. Add to the clear filtrate SAmj ; no further precipitation 
takes place. 

Showing that Iron, Chromium, and Aluminium are precipitated 
(^as hydrates) from their saline solutions by AmCl and AmHo alone, 
without tlie aid of SArn^, (Ammonic chloride has no share in the 
precipitation, bat prevents the solubility of the alnminic hydrate in 
excess of the precipitant, as well as the precipitation of magnesium, 
as hydrate). 

8. Dissolve some baric, strontic, calcic, and magnesic phosphates in dilute 
hydrochloric acid, and cautiously add to the solution ammonia. No precipitate is 
produced till the free acid has been neutralized (with formation of ammonic 
chloride), when the phosphates are reprecipitated. Filter and add SAmj to 
the filtrate. No further precipitation takes place. 

This shows that the phosphates of the aXkalvne eoHhy metals a/re 
precipitated by ammonia alone, 

4. Dissolve some phosphates of Ni, Co, Mn, Zn, and Fe in dilute hydrochloric 
acid.f To one portion oi the solution add AmCl and AmHo. A precipitate is- 
formed. The phosphates are reprecipitated. Filter and add SAmj ; a further 
precipitate is produced. 

Showing that the phosphates of these metals are not entirely pre- 
eipitaied by a/mmonic chloride and a/m/monia. 

Thus far we have seen that these two reagents precipitate : — 

* Solutions containing *005 grm. of the metal in every c.c. are readily pre- 
pared, and should be kept for use. 6 c.c. of each solution will be found a 
convenient quantity. 

t This solution may also be prepared by adding hydric disodio phosphate 
to solutions of the above metals as long as a precipitate forms, and dissolving the 
precipitate in a litUe hydrochloric acid. 
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150 ACTION OF GROUP REAGENTS AmCl, AmHo, &0., &0, 

Nickelons phosphate Chromic phosphate 

CobaltodS „ Almmnio „ 

Manganous „ Baric 

Zincic „ Strontic 

Ferric „ Calcic 

Ferric hydrate Magnesic „ 

Chromic -„ 

Aluminic „ 

5. To a solution of SOsNio^ V204Coo^ SOsZno^ and MCnCla (free from 
Fe). add AmCl in considerable excess, and then AmHo in slight excess. No 
precipitate is obtained, the precipitate first produced hj AmHo beins soluble 
m the ammonic salt. To one portion of the solution add strong sulphuretted 
hydrogen water (or pass a current of sulphuretted hydrogen gas) ; a copious 
preci pitate is produced, oonsisting of VIS and OoS (black), ZnS (white), and 
BKnS (buff coloured). 

This shows that Nickel, Cobalt, Manganese, and Zint salts ate 
not precipitated by AmCl and AmHo, hut by S-^Wj. 

On exposing the other portion of the solution for some time to the air, it is 
seen to turn turbid, where it is in contact with the air. Heat and riiake the 
solution and the turbidity increases rapidlj. 

Showing that AmCl a/nd AmHo produce, under favourable con" 
diUons, a partial precipitation, 

6. To another portion of the solution of the phosphates of Ni, Co, Mn, Zn, and 
Fe (see 4), add AmCl, AmHo, and SAmj, without first separating by filtration 
the precipitate produced by AmCl and AmHo. Thb Phosphates of Co, Ni, 
Mn, Zn, and Fe, which may be present in the hydrochloric acid solution, abb 

DSC0HP06ED INTO SULPHIDES, AND AMMONIC PHOSPHATE IB LEFT IN SOLUTION. 

7. To a solution of FejCle, add AmCl and AmHo, a reddish-brown predpi* 
tate of ferric hydrate, FeaHog is produced, which on the addition of SAmi 
turns instantaneously black. 

This shows that iron is first precipitated as hydrate^ and is 
subsequently converted into sulphide. Chromic and aluminic chlorides 
are precipitated nnder the same circumstances as hydrates; but 
they form no sulphides in the wet way. 

We may then sum up by saying that the group reagents, AmCI 
and AmHo, for reasons stated under 4 and 5, cannot thoroughly 
separate some of the members of (^roup III from others, and that 
SAm2 should invariably be added as well. The three reagents* 
precipitate : — 

* Add AmHo to a solution of baric, strontic, calcic and magnesio oxalates m 
dilute hydrochloric acid, as long as a white precipitate is obtained. The oxalates of 
the alkaline earths are reprecipitated, as soon as the hydrochloric acid which (as 
in the case of the corresponding phosphates) holds them in solution is com- 
pletely neutralized. 

The same applies to the fluorides, borates, tartrates, citrates, etc., of these 
earthy bases, which are precipitated by AmHo, although in the presence of much 
AmCl they are, to a great extent, held in solution. 

Silicic acid and silicates, soluble in hydrochloric acid, are Ukewise precipitated 
by AmCl and AmHo as gelatinous silica, SiHo4. 

In order to avoid complicating the qualitatiye cour^, it is usually preferred 
to evaporate thte hydrochloric add filtrate from Group II to complete diyness, 
wiUi the addition towards the end of the evaporation of a little oonoontrated 
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1. Sulphides — 

NiS black 

CoS black 

MnS buff 

ZnS white 

FeS black. 

2. Hydrates — 

Cr2Ho6 green 
dAbkHoe wbite. 

3. Phosphates of Or, Al, Ba, Sr, Ca, and Mg. 



NICKEL^ Ni" AND *^. — Occnrs in nature as sulphide, NIS", 
in cwpillary pyrites^ hair mckel^ or mUlerite; as arsenide, in 

r "Am' r ' A.fi"Ni" 

a/rsemcal nickel, < "Aa'-^^"> ^^^ ^ coj>per nickel, < 'A«"Ni"» ^ 

antimonide, in < '«w"t^-», antimovAj nickel^ combined with SuL- 

/, m »Ni, Wi^^Sj, as Q/nti' 

mowy nickel glcmce, < »2|^»Ni,Ni*^Sj ; also in the form of minerals 

which are the result of the oxidation of other nickel minerals, e.g., 
as ndckel ochre, £kMtO»Nio"t, and emercUd nickel, C(ONi"Ho)2Nio", 
50H,. 

REACTIONS IN THE DRY WAY. 

When nickelous salts are heated on charcoal with dry CONaot, 
in the vrnier blowpipe flame, they are reduced to a grey metallio 
powder which is magnetic. Heated on a borax bead, in the outer 
flame, nickel compounds yield an intensely coloured glass, which 
appears hyadntli rea to violet brown when hot, and yellowish to 
■herry rea when cold (according to the quantity of nickel jpresent). 
On fusing a little nitre in the bead, the colour is changed to blue 
or dark purple, whereby nickel compounds may be distinguished 
from iron. Heated in the redticvng flame the colour disappears, 
and the bead assumes a turbid grey appearance, owing to finely 
divided particles of metallio nickel. The reactions with micro- 
cosmic salt ai'e similar; but the bead becomes almost colourless 
when cold. 



nitric acid, whenever AmCl and AmHo produce a precipitate. By these means 
silicic anhydride, SiO,, is left behind insoluble in acids; the fluorides and 
borates are for the most part decomposed, hydrofluoric and boric acid being 
volatilized. Oxalates are destroyed with evolution of carbonic anhydride by the 
oxidizing action of the nitric acid, and tartrates, etc., are broken up by gentle 
ignition into carbon and volatile gaseous products ; jerrous salts are converted 
into ferric salts, and on extracting the ignited residue with a little concentrated 
hydrochloric acid, the metals are obtained in solution as chlorides, together 
only with the phosphates of the alkaline earths, earthy and metallio bases. 
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REACTIONS IN THE WET WAY. ~ 

We employ A solution op nickelous sulphate, SOfNio". 

SAms (vroop-reAsent) gives a hldck precipitate of nlekeloiu 
sulphide, ZnS, slightly soluble in excess of the reagent, especially 
in the presence of free ammonia, forming a dark brown solution, 
whence ZTiS is reprecipitated on boiling. The presence of am- 

^r\\ f ammonic acetate) assists 

the precipitation. ZTiS dissolves with difficulty in dilute hydro- 
chloric acid, readily in nitric acid or aqua regia, and is but slightly 
soluble in acetic acid. 

SH} gives no precipitate in an acid solution, and a partial precipitate 
only from a salt of uicKel with a mineral acid ; but produces reaoily a pre- 
cipitate from a solution of nickelous acetate, or a nick^ous salt mixed with an 
alkaline acetate. 

NaHo or KHo precipitates an apple green taydrate, ZTiHos, 
insoluble in excess, soluble in ammonic salts to a greenish blue 
fluid. ZTiHos leaves on ignition ZTiO. It does not absorb 
oxygen from the air. . 

AmHo produces a slight greenish precipitate, readily soluble to a blue 
fluid. No precipitate in presence of ammonic chloride. 

GONaoj precipitates an apple green basic carbonate, yarying in com- 
position. 

GOAmos, same precipitate, readily soluble in excess to a greenish blue 
solution. 

KCy (free from cyanate (CyKo) and carbonate*) gives a 
yellowish green precipitate of nlckeloos cyanide, XTiCya, which 
dissolves readily in excess of potassic cyanide to a bra¥niish 
yellow solution, containing a double cyanide of nickel and potas- 
sium, 2KCy, ZnCys. On adding a dilute acid (HGl or S02Ho2), 
ZriCy2 is reprecipitated, and KCy is decomposed with evolution 
of HCy. Boiling with hydrochloric acid decomposes the ZTiCys 
likewise. 

The solution of the double cyanide is not altered by boiling 
with excess of HCy, but is decomposed by chlorine, or on the 
addition of a concentrated solution of sodic hypochlorite, ClNao, 
hUick nlckcllc hydrate, 'Zll'"3Ho6, being precipitated, thus : — 

2nriCya + ClNao + 50H, = WiaHoe + NaCl + 4HCy. 

Nickelic hydrate may also be obtained by passing chlorine 
through water, in which nickelous hydrate is suspended. HCl 
decomposes the tetrad nickel compound mto ZnCla and free chlorine. 

QUESTIONS AND EXERCISES. 
1. Express in sjmbohc equations the reactions for nickel in the wet way. 

* It is preferable to add hydrocTanic (prussic) acid, HCj, to a neutral solu- 
tion of a nickelous salt, and then KHo drop by drop, till the yellowish men 
precipitate is redissoWed. Q-reat caution has to be observed on account of the 
highly poisonous nature of HCy. 
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2» State which are the principal nickel minends, and translate into graphic 
formiiliB the constitutional formula of emerald nickel, antimony nickel, 
nickelous nitrate and acetate. 

8. How many oxides of nickel are there ; and how woidd you prepare them 
from a solution of nickelous sulphate ? 

4. How would you recognize the presence of Ni and As in arsenical 
nickel ? 

6. 60 cubic centimetres of a solution of nickelous sulphate yield on precipita- 
tion with KHo and ignition *370 grm. of MlO, how much Ni is con- 
tained in 1 c.c. of the solution, and how much nickelous sulphate 
(SOHosNio'^GOHj) must be dissolved in a litre of water to obtain a 
solution of the above strength ? 

6. Calculate the percentage composition of capillary pyrites. 



COBALT^ Co" and *^. — Occurs in nature as sulphide or cobalt 

( CoS" i*' Aa! 

pyritesy CO2SS or < CoS"^ " ' ^ arsenide in -j „^,Co", tin- white 
cobalt or smaltme (speiss cobalt), as sulphabsenide, or cobalt gla/nce, 

f "As' 

< f»^j-;Co,Co*^Sj ; also in the form of products of oxidation, such as 

cobalt vitriol, SOno2Coo",60n2, as arseniate, AS202Coo"3,80H2, in 
cobalt bloom, and generally in small quantity in nickel and iron ores. 



REACTIONS IN THE DRY WAY. 

Cobalt is usually detected with comparative facility. Cobalt 
minerals containing sulphur or arsenic are roasted on charcoal, or in 
a glass tube, when SO2 and AAiO^ are evolved. The residue is then 
introduced into a bora^ bead, and heated in the outer flame, when 
a fine blue, so-called cobalt glass, is obtained. This colour re- 
mains the same both in the outer and inner, or reducing flame. In 
pases where much Mn, Fe, Cu, or Ni are mixed with Co, the blue 
appears distinctly only after the bead has been heated for some time 
in the reducing flame. Microcosmic salt gives the same blue bead. 
Heated on charcoal, with CONao2 in the reducing flame, cobalt 
separates as a grey metallic powder which is attracted by the 
magnet. 

REACTIONS IN THE WET WAY. 

We employ a solution op cobaltous nitrate, Sq^Coo". 

SAm2 (ffroop-reAsent) gives a bhick precipitate of cobaltous 
snlphlde, CrOS, insoluble in excess of the reagent ; scarcely soluble in 
acetic acid, and very difficultly soluble in dilute hydrochloric or 
sulphuric acid ; but readily soluble in aqua regia upon the applica- 
tion of heat. Hence a black residue left on treating the SAmj 
precipitate of Group III with dilute hydrochloric acid, indicates 
probably the presence of Ck>S orZTiS. 

SH] gives no precipitate from an acid solution, hut precipitates Co partially 
from a neutral solution, and wholly from a solution of cobaltous acetate, or from 
a solution of a cobaltous salt containing a mineral acid, and completely on the 
addition of an alkaline acetate, and upon heating. 

KHo or NaHo g^ves a precipitate of a bhie baale salt, which turns 
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olive green on exposnre to air, owing to the absorption of oxygen. 
On heating, a rose red eobaltons hydrate, CrOHoa, is obtained, which, 
however, contains mostlj a small amonnt of dark brown cobaltio 
oxide, 'Co"'203. Amnionic carbonate dissolves the precipitate (after 
filtration and washing) to an intensely violet-red fluid. 

By suspending CoHoa in water, and passing a current of chlo- 
rine into it, a black powder, COaHoe, is precipitated, whilst CrOCla 
remains in solution, thus : — 

3Ck>Ho, + CI, = Ck^Hoe + CoCli. 

Cobaltio 
hydrate. 

In the presence of an alkali (NaHo) the whole of the cobaltous 
hydrate is converted into COtHoe. 

AmHo produces in neutral solutions a slight preoxpitate of a >■■!€ salt, 
which dissolyes readilj in excess. The solution is reddish brown. Ammonio 
chloride prevents the precipita^on altogether. The solution absorbs oxygen from 
the air, and becomes rapidly brown. 

GONaoa precipitates a peach coloured basic carlKinatet 
GOAmos, same precipitate ; readily soluble, however, in excess, to a red wlu^ 
tion. 

KCy gives with all normal cobaltous salts a reddish hroum pre- 
cipitate of cobaltous cyanide, CoCys, soluble in excess, reprecipi* 
tated by dilute hydrochloric or sulphuric acid. 

If the cobaltous solution, however, contain free acid, so as to 
liberate hydrocyanic acid by the action of the latter upon the excess 
of KCy ; and if the solution of 2KCy,CoCya be heated for some 
time, dilute hydrochloric or sulphuric acid no longer produces a 
precipitate, the whole of the cobaltous cyanide having been con- 
verted into cobaltio cyanide, 'CrO"'2Cy6, which remains combined 
with 6KCy to form a well defined and stable salt, called potassle 
oobaltlcyanldc, EleCoaCyia, hydrogen being evolved, thus : — 

2CoCya + 2H0y = Cto,Cye + H,. 

6KCy + COzCye = KeCcCyi,. 

Potassic 
cobalticyanide. 

which is not decomposed by dilute acids, nor by sodic hypochlorite 
in the cold. 

Separation of Nickel from CohaU. 

It is obvious that the hydrocyanic add reaction enables ns to 
separate Ni from Co. — To a rieutrcd solution of the two salts add 
cautiously a small quantity of a strong solution of HCy (a solution 
of potassic cyanide may likewise be used), and then, drop by drop, 
KHo, as long as a precipitate forms, and till the precipitate is quite 
redissolv^d. Heat gently for some time in a well ventilated closet, 
till the odour of HCy has disappeared. Allow to cool, and add a 
concentrated solution of ClNao. ZfltHoe is precipitated in the cold, 
and cobalt remains in solution, as KsCoaCyu. Separate by fiHra- 
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tioQu Test the residue before the blowpipe for Ni, and evapcnrate 
the solution to dryness, and test for Co by means of a borax bead. 

Ilifltead of separating Ni as MlsHog by means of OlNao, the solution, alter 
boiling with excess of HCy, may also be precipitated whilst hot, with finely 
dind^ freshly precipitated mercorlc oxide. On digesting for a short time at 
a gentle heat, the whole of the Ni is precipitated, partly as ITIH02, partly as 
IfflCTa, the mercury combining with the liberated cyanogen. Filter off the ^ireenM 
or yellowish grey precipitate^ wash, and ignite. Pure MiO is left; thus : — 

(1) 2NiOy2 + zSgrO - BgrPys + NlHo3,NiOys + x-lBgrO. 

Greenish 
precipitate. 

(2) NiHo2,NiCy2 + BgrO » 2NiO + BgrCj, + OH> 

Excess. Volatile on 

ignition. « 

The cobalt remains in the solution as KeCo2Cyi2. Nearly neutralize with dilute 
nitric acid, and add a neutral solution of mercurous nitrate, lT204Hg2o''. A 
white precipitate of mercuroaa cobaltlcyanlde (Hg^'2) 3^0^0712, forms, which 
contains the whole of the cobalt. Filter, wash, and ignite under a hood with 
free access of air, when trlcobaltlc tetroxlde, GO3O4, is left. 

Add NOKo (potasalc nitrite) in considerable exe-ess to a concentrated 
normal solution of a cobaltous salt, then acetic acid in sufficient quantity to freely 
redissolve the precipitate, which is at first produced by the free KHo and GOK03 
contained in the MOKo. On keeping the solution in a moderately warm place, 
all the cobalt separates in the form of a crystalline precipitate of a fine yellow 
colour (from a dilute solution onlj after long standing), the formation of which is 
expressed by the equation : — 

aJ^^Coo'' + I2WOK0 + 2 {25^^ + OH2 = 0O203,3K20, 

Yellow 
6N208,2OH2 + 4KO2K0 + 2/ 2q^^ + W2O3. 
precipitate. , 

The precipitate is soluble in much water ; it is decomposed by hot nitric or 
hydrochloric acid, or by potassic hydrate ; insoluble in alcohol ; insoluble in the 
presence of potassic salts ; and it can therefore be washed by a solution of potasaio 
acetate, and finally with alcohol. This sbaction sebyes likewise foe the 

SEPASATIOir OF KIOKEL FBOH COBiXT. 

On igniting a small quantity of ir204Nio", a dirty greyish 
powder of ZTiO is left. Ignite next If 2O4C00" gently, and a black 

residue of cobaltous dicobaltic tetroxide, COsO^ = < ^f^rfl^' i 

left. On treating this oxide with hydrochloric acid, chlorine gas is 
evolved, according to the equation i— 

CkhOi + 8HC1 =x SCoCla + CI2 + 4OH3. 

Both nickel and cobalt are capable of forming compounds in 
which the metabi exist in a utrmik condition, viz., 

WfeO„ ot| JJqO, and Ca,0„ or | ^oO^' *^^ 

Kickelic Cobaltio Cobaltic 

oxide. oxide. sulphide. 
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ZfiaOa is, however, obtained in the wet way only, and cannot 
exist at a high temperature. 

CO1O4, on the other hand, is obtained in the dry way, or on 
gentle ignition, giving up a portion of its oxygen only on strong 
ignition. 

The same tendency to form compounds in which nickel and 
cobalt exist as ietrad elements, is observed on exposing their alkaline 
solutions to the air, or on passing chlorine or adding bromine 
or iodine to their solutions. 

Little use is, however, made of these reactions beyond the con- 
version of CoCya into C02Cy6, in the presence of potassic cyanide, 
or of CoO into CO2OS in the potassic nitrite reaction. 

QUESTIONS AND EXERCISES. 

1. Translate into graphic formulae the constitutional formulsa of cobctU pyrUeM, 

cobalt vUriolf cobalt bloom, cobaltic cyanide. 

2. How are GoO and GOSO4 prepared F 

3. How is Co separated from Ni ? 

4. 2 grms. of an ore containing Ni and Co yield '221 grm. of NiO and '1675 

grm. of GO3O4, what is the percentage of Ni and Co in the ore ? 

5. Explain the formation of a blue glass when cobalt compounds are heated in a 

borax bead, or a bead of microcosmic salt. 

6. How would 70U prepare potassic cobalticjanide ? 



MANGANESE^ Mn", *^, and ▼»•— Occurs in nature mainly in 
the state of Oxides, of which the mineral pyrolvsite, llllli*^02, is the 
most important. It is found in small quantities in many iron ores, and 
is a frequent constituent of silicates: the BUnO replacing the 
isomorphous bases FeO, ZnO, BCgO, CaO, without altering the 
crystalline structure of the minerals. It exists both in the dyad 
and tetrad condition in manganous and manganic oxides. The 
Anhydrous Oxides known, besides pyrolusite, are : hraunite^ 
BClI^^aOs, hausmannite, TiKa}\Oi ; the Hydrates are : manganite^ 

{ iitoOHo*^**^^^^^^' IWnHo^*^^^ "' ^^' IWnH^^^^"' ^^^' 

riWii"'0.01 j^ g 

vicite^ < Mno" (Mn*^Hoj)", copper momgan^ lifiiTT ^^^^ "* ^'^^" 

ganese is found in combination with sulphur, in mangcmese blende, 
BCnS ; with carbonic acid, in dmllogite, COMno" ; with silica, in 
red manganese or mangan klesel (rhodomte), SiOMno",and in tephroUe^ 
SiMno", ; with phosphoric acid, as tripUte, PjOMno"*, PaOFeo"4. 

examination in the dry way. 

The presence of manganese is readily detected in minerals which 
contain no other oxides, capable of colouring fluxes ; as it imparts to 
the horajR bead, or to a bead of microcosmic salt, a fine ametiiyst colour 
when heateji in the outer flame, and the bead becomes colourleM 
when heated in the reducing flame. If other metallic oxides are 
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pi^esent, it is preferable to mix a portion of the finely powdered 
mineral with two or three times its weight of CONao, (a little nitre 
may likewise be added), and to fuse on platinnm foil (a small 
platinum spoon or the lid of a platinum crucible) in the oxidizing 
flame, when a blnlsli sreen mast, consisting of sodle manffanatey 
BUllOsNaoa, is leffc. This forms the most chabacteristic reaction 
FOB Manqanese. Manganous and manganic oxides are converted 
into a higher oxide, BCll^Os, in which Mn exists as a hexad. 

EXAMINATION IN THE WET WAT. 

All the higher oxides of manganese, when heated with hydro- 
chloric acid, evolve chlorine, and are converted into manganous 
chloride, BCnCls : — the chlorine so evolved becomes the measure of 
the amount of BCnOs present in a manganese ore. 

We employ A solution op manganods chloride, IIII11CI2 (free 
from Fe). 

SAm2 (yroop-reasent) gives 2^ flesh-coloured precipitate of man* 
sanous snlplilde^ BCnS, readily soluble in dilute acids, even acetic 
acid. Hence the presence of free acetic acid prevents the precipita- 
tion of manganese (method op distinguishing Co and Ni from Mn). 
The manganese may be separated by repeating once or twice the 
precipitation of cobalt and nickel in the presence of acetic acid. 

SH] does not precipitate a neutral solution of a manganous salt ; the acetate 
even is precipitated very slowly and imperfectly, and not at all when free acetic 
acid is present. 

KHo or NaHo gives a white precipitate of mansanoos hydrate, 

BUnHoa, insoluble in excess. The precipitate absorbs speedily 

oxygen from the air, and turns dark brown with formation of 

I Hfv-ff^TT » when it no longer dissolves completely in ammonic 

chloride. 

AmHo precipitates a whiie hydrate^ IIS11H03, from neutral solu- 
tions ; insoluble in excess, or in ammonic carbonate. 

No precipitate is produced in solutions containing ammonic 
chloride. On exposing an ammoniacal solution of the soluble 
double chloride, 2AmCl,lllIllCl2, to the action of the air, the whole 
of the manganese is gradually precipitated as brown aimansanle 

dloxydlkydrate, < iSnOH^' ^^^ reaction is characteristic for 

manganese compounds. 

AmHo conveys in this change oxygen to the naitnganous salt in a manner 
similar to the action it had upon cobaltous salts, and upon metallic copper, in 
tlie presence of oxygen or air (comp. p. 123) ; for^ng, however, in the case of 
the manganese compound, an insoluble body. 

Owing to this tendency of manganous salts to become oxidized and precipi- 
tated in the presence of AmHo, it is impossible to separate manganous from 
ferric salts by means of AmCl and AmHo. The reddish brown ferric hydrate, 

which is precipitated, invariably carries down more or less A aKnOHo ' '^^ 

»mall qtMntUiet of manffonete cctnnot, therefore, be separated from iron hy pre* 
cipUation with AmCl and AmHo, 
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CONaoa or COK02 precipitates whiie 
COMno", insoluble in excess of the reagent, but pretty readily 
soluble in amnionic chloride. This precipitate absorbs likewise 
oxygen fipom the air, and turns to a dirty brownish white colour, 
owing to the formation of dimanganio dioxydihydrate. On ignition 
with free access of air, the white carbonate turns first black, and 
changes subsequently to brown trlmansanlc tetroxide, BKiIsOa. All 
manganese oxides are obtained upon ignition in air in the form of 
MnsOd. 

£Cy gives a whitish precipitate of manffanoos cyanide, SInOys, soluble 
in excess to a brown solution, which is not precipitated bj SAmj. 

We have just seen how readily manganous compounds are con« 
yerted, more or less completely, into higher oxides, in which Mn 
acts the part of a tetrad element. In the brown hydrated di- 
oxide, lllui*^OHo2, obtained when a manganous salt is digested with 
sodic hypochlorite, according to the equation :— 

MnCla + ClNao + 20Ha = llIii»^OHo2 + Nad + 2HC1, 

the manganese exists likewise as a tetrad element. By fusion 
in the dry way with CONao^, alone or together with nitre, the man- 
ganous or manganic compounds are converted into an alkaline 
manganate, lllKll^02Nao2, in which the metal manganese acts the'part 
of a hexad element. Manganic acid itself has never been isolated. 
It is obtained, however, in combination with a few of the stronger 
metallic bases, forming manganates, of which the alkaline man- 
ganates only dissolve in water to green solutions, 

Manganates are readily decomposed in aqueous solutions. On 
gently heating a solution of potassic manganate with £ree aocess of 
air, the green colour changes to jpwrple red, owing to the formation 

of potassic permanganate,* IWlljOeKoii = | 'SSnTO (OK ^ ^^ 
separation of BUll'^OHos, thus : — 

dlMInOaKo, + 8OH2 = BHusOtKo, + BUnOHo, + 4KHo. 

The change is accelerated by adding a few drops of a dilute mineral 
acid (e.gr., nitric, hydrochloric or sulphuric acid), which combines 
with the liberated alkali. This reaction is extremely delicate^ 

The metal manganese seems to act here the part of a pseudo- 
octad element; and it may readily be inferred that the different 
oxygen atoms perform different functions in such a highly oxy- 
genized compound, and that the metal manganese will part with 
some more readily than with others. 

Manganic oxide, lUIii^^Oa, as well as other native peroxides, 
already enumerated, also the alkaline manganates and permanganates, 

* Permanganic acid has never been isolated. It exists only in a few metallic 
salts called perman^anaieSf which are soluble in water forming intensely purple- 
red solutions. The salts crystallise from an alkaline solution in beautiful large 
crystals of deep violet lustre. 
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act as powerfiil oxidizers, differing merely in the mteitsUy of their 
oxidizing action. 

Manganic oxide gives off oxygen on the addition of snlphnric 
acid, and forms normal manganons sulphate : — 

(Atomic equation) IWllOj + SO2H03 = O + SOjMno" -h OH3. 

Snlphnric acid added to lllIli02Nao3, gives off a molecule of 
oxygen and forms manganons and sodic sulphates, thns : — 

MnOjNao, + 2S02Hoa = Oj + SO^Mno" + SOJ^aoj -h 2OH2. 

Snlphnric acid added to a solution of -j fyrnO^^OK^^ ' liberates 

five atoms of oxygen, and leaves manganons and potassic sulphates 
in the solution, thus : — 

(Atomic equation) | JEoafoKo) "*" ^SOaHo, = 05 + 2S02Mno" 

-h SOjKoa + 3OH2. 

Hydrochloric acid acts likewise upOn the higher oxides of man- 
ganese with evolution of chlorine and formation of metallic chlorides 
and water. The peroxides of manganese, especially the hlach oxide, 
constitute the principal substances, together with hydrochloric acid, 
for evolving chlorine in the laboratory and on a manufacturing 
scale. 

We know of no other mineral oxidizing agent capable of yielding 
firom one molecular group of elements five atoms of oxygen ; and 
there are but few elementary substances which resist the oxidizing 
action of potassic permanganate. Hydrogen, freshly-ignited carbon, 
phosphorus, iodine, sulphuretted hydrogen, carbonic disulphide, are 
oxidized more or less rapidly. Metals, such as zinc and iron, become 
oxidized after a few days ; lead, copper, mercury and silver after 
some time. Many lower oxides, chlorides, etc., are converted into 
higher oxides, etc., for example : — 

^JSHoi is converted into AiElOHoa 

ArseniouB Arsenio 

acid. acid. 

SOHo, „ SO2H02. 



Sulphurous 
acid. 


Sulphuric 
acid. 


WOHo 


nro2Ho. 


KitrouB acid. 


Nitric acid. 


POHHo, 


POH03. 


Phosphorous 
acid. 


Phosphoric 
acid. 
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JcOHo ^ converted into 2C0, + OH,. 



Oxalic acid. 








2PeCl, 

Ferrous 
chloride. 


j> 


PeaCl« (in presence of 

Ferric dilute HCl). 
chloride. 


S11CI3 

Stannous 
chloride. 


j> 


SnCU 

Stannic 
chloride. 


9J 


SbCl, 

Antimonious 
chloride. 


» 


SbCI, 

Antimonic 
chloride. 


>J 


CU3CI2 
Cuprous 
chloride. 


II 


2CuCl, 

Cupric 
chloride. 


• 


Bg,Cl, 

Mercurous 
chloride. 


>j 


2BgCl> 

Mercuric 
chloride. 


»> 


2SOaFeo" 

Ferrous 
sulphate. 


• 

>» 


S,O.Fe,o^ 

Ferric 
sulphate. 


(in presence of 
dilute SOaHo,). 



Potassic permanganate oxidizes many organic bodies, such as 
sugar, gum, cellulose (in paper, cotton), uric acid, etc. The reaction 
is indicated by a change of colour ; on adding, for instance, the 
purple coloured solution to a solution of SOH03, the colour is 
instantaneously destroyed as long as any SOH02 is lefb. Perman- 
ganate becomes, therefore, the measure for sulphurous acid, and in 
Hke manner for other lower oxides, chlorides, etc. 

SOHos requires one atom of oxygen in order to be converted 
into SO3H03, and Mn206Ko2 can part with five atoms of oxygen. 
One molecule of the oxidizing agent oxidizes, therefore, ^ve mole- 
cules of the reducing agent, i.e., 316 parts by weight of BClIsOeKoa 
become the measure for 5 x 64 = 320 parts by weight of SO2. 

Two molecules of S02Feo" combine with one atom of oxygen 
and one molecule of SO2H02, to form one molecule of ferric sul- 
phate, thus : — 

2SOaFeo" + O + S0,Ho2 = SsOeFcaO^ + OH,. 

Hence one molecule cf dipotassic permanganate oxidizes ten mole- 
cules of S02Feo", ten molecules of FeO, or ten atoms of Fe ; and 
316 parts by weight of lM[ll206Ko2 become the measure for 

10 X 152 parts by weight of SO»Feo" 
or 10 X 72 „ PeO 

or 10 X 56 „ Fe. 
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QUESTIONS AND EXERCISES. 

1. Wliich are the most important manganese ores ? 

2. Which manganese ores can be employed for generating chlorine ? 

8. Explain the action of SO2H02 upon ]IIn02, Mn02Na02 and llln206Ko2 ; 
and express the changes by equations. 

4. Translate into graphic formulee the constitutional formulae of pyrolusitey 
hraunite^ hausmannitej manffanite,p8ilomelane,wad,varvicite,a,ndt€pkroit€. 

6. Describe the most characteristic blowpipe reactions for manganese com- 
pounds. 

6. How can Mn be separated from Ni and Co ? 

7. How is Mn separated from calcium or from potassium ? 

8. What change does a solution of 2IK]l02Ko2 undergo when heated in con- 

tact with air ? 

9. Q-ive evidences of the dyad, tetrad and hexad nature of manganese. 

10. Give the graphic formulse for disodic manganate and dipotassic permanganate P 

11. Explain the action of AmHo upon cobaltous and manganous salts, Ist, in the 

presence of ammonic chloride ; 2nd, in tb e absence of ammouic salts ; and 
3rd, with free access of air. 

12. State why Mn is separated with difficulty from Fe** by means of AmCl and 

AmHo. 

13. What change does OOMno" undergo upon ignition ? 

14. By precipitating 2*622 grms. of a manganous salt with CONao2 and ignition 

of the precipitate, 1*325 grm. of 1MI]1304 are left; what is the percent- 
age«of manganese in the salt ? 

15. Give an account of how chlorine is prepared on a manufacturing scale. 

16. Why does dipotassic permanganate act as a powerful oxidizing agent ? 

17. What is the action of dipotassic permanganate upon HCl, SH2, SO21 

I OOHo' ^'*2Cl2, PeCl2, SnCl2 ? Express the changes by equations. 

18. How much gaseous SO2 by weight and by volume (at 0° C. and 760 mm. 

barometrical pressure) will be required to decolourize a solution con- 
taining "500 gi*m. of dipotassic permanganate ? 

19. Explain the action of SO2 upon manganic dioxide. 

20. '126 grm. of dipotassic permanganate had to be added to a given quantity of 

an acid (SOiHoa) solution of S02Feo". Calculate how much metallic 
iron the solution contained. 

21. '450 grm. of spathic iron ore^ COFeo", when dissolved in hydrochloric acid, 

required 100 grm. of BKn206Ko2. Wliat will be the percentage— Ist, of 
carbonate ; 2nd, of metallic iron, contained in the ore ? 

22. 1*240 grm. of OOi was evolved when 1*780 grm. of pyrolusite was treated 

with moderately concentrated SO2H02 and "j COK * What is the per- 
centage of BKn02 in the ore, and how much chlorine gas by weight and 
by volume can be evolved from 100 grms. of the ore when treated with 
HCJ? 



ZINC, Zn." — Occurs in nature ctiefly as sulphide, or zinc blende, 
hlack'Jack, ZnS ; as carbonate, or calamine^ COZno" ; and as 
SILICATE, or zinc glance^ electric calamine, SiZno"2,OH2, Willemitej 
SlZno"2* ; also as oxide, in red zinc ore, ZnO. 

REACTIONS in THE DRY WAT. 

The most characteristic blowpipe reaction for zinc consists in the 

* Naumann*B Elements of Mineralogy. 

M 
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white incmstation of zincic oxide, ZnO, whicli its componnds yield 
when heated on charcoal in the redncing flame with CONaoi. The 
zinc compound is reduced to the metalhc state, and the metal being 
volatile, bums on passing through the outer flame, with a bluish 
green flame, and is converted into oxide, which covers the charcoal 
with an incrustation, yellow when hot, white when cold, and which 
assumes a tine yreen colour when treated with a solution of cobaltons 
nitrate, and on being once more strongly heated in the outer flame. 
The incrustation is not driven away in the oxidizing flame, — ^ZnO 
being non- volatile. 

Zino compounds giro with borax or microoosmio salt in both flames a bead, 
which is yellowish while hot, and white on cooling ; opaque if much zinc salt be 
present. This applies, however, onlj to pure zino compounds, and the detection 
of zinc in poor ores containing other readilj oxidizable metals (such as Pb, Cd, 
As, Sb, which give likewise incrustations), is a matter of great uncertainty. 

Zincic. sulphide, ZnS {zinc hlende)^ when roasted in a tube of hard glass, loses 
part of its sulphur in the form of sulphurous anhydride, and leaves some zincic 
Bidphate, SOsZno" (white vitriol) ^ which may be extracted with water. 

Caktminey COZno'', leaves on ignition zincic oxide, XnO. 

REACTIONS IN THE WET WAT. 

We employ a solution op Zincic Chloride, ZnCU, or op Zincic 
Sulphate, S02Zno". 

SAmj (ffroap-reAsent) gives a white precipitate of zlncte 
•nlpUde, ZnS, insoluble in excess. From dilute solutions the ZnS 
separates only after some time. It is readily decomposed by dilute 
hydrochloric and sulphuric acids, with evolution of sulphuretted 
hydrogen ; also by nitric acid, but is insoluble in acetic acid. 

SH2 precipitates zinc imperfectly fix)m neutral solutions of 
zincic salts with mineral acids ; but from an acetate or a solution of 
a zincic salt mixed with an alkaline acetate, the whole of the metal 
is precipitated by Sn2 as 2^S, even in the presence of much acetic 
acid (method op separation op Zn prom Mn). Free organic acids 
prevent the precipitation. 

KHo or NaHo precipitates the white hydrate, ZnHoa, readily 
soluble in excess, and in AmHo, reprecipitated on diluting with 
water and on boiling ; soluble also in ammonic chloride. SH3 pre- 
cipitates the whole of the zinc from these solutions. Free organic 
acids prevent the complete precipitation. In the presence of man- 
ganese, nickel and cobalt, KHo or NaHo does not dissolve out the 
whole of the zincic hydrate. 

CONaO) or COKoa produces a white precipitate of baste car* 
iKinate, consisting of two molecules of zincic carbonate and three 
molecules of zincic hydrate, according to the equation : — 

rCHo(OZn"Ho)2 
SSOaZno" -h 5CONaoa -h SOHj = I Zno" -f SSOjNao, 

L CHo(OZn"Ho)2 

Dihjdric pentAzinoic 

dicarbonate tetrahydrate. 

+ 3CO2. 

This carbonate leaves on ignitio)i ZnO, also known under the name of tine wkUe, 
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COAmos {NToduoes t^e same precipitate, soluble, however, in excess. ^ 

KCj gives a takUe precipitate of zlnclc cyanide, ZnCj^ ; soluble in excess, not 
reprecipitated bj SAmj, but completely precipitated by SXj as ZnS (Method 
for the separation of Zn from Ni). 

Zinc precipitates the less electropositive metals from their solutions, viz.. As, 
Sb, Sn, Cd, Cu, Pb, Ag, Bi, Hg : and on dissolving impure metallic zinc in dilute 
acids (hydrochloric or sulphuric), these metals do not dissolve, as long as any 
zinc remains undissolved. Hence zinc protects other metals, such as copper, iron 
(galvanized iron), from the oxidizing action of the air. 

Zinc, when placed in contact with platinum, iron, etc., dissolves in alkaline 
solutions in the cold ; when boiled with £Ho (NaHo, or even AmHo), it dissolves 
likewise, with evolution of hydrogen and formation of dipotastic zlnclc oxide, 
XILE03. 

Zinc vapour decomposes CO2 at a high temperature, and forms ZnO and CO ; 
at a lower temperature, ZnO yields its oxygen again to carbon (Method of extract- 
ing metallio zinc from some of its ores). This forms another interesting instance 
of reciprocal chemical action. 

QUESTIONS AND EXERCXSES. 

1. Explain the action of HCl, SO2H02, WO2H0, and KHo upon metallic zinc. 

Express the changes by equations. 

2. Qive the names and composition of the most important zinc ores, and translate 

their constitutional into graphic formulse. 

3. Describe the blowpipe reactions for zinc compounds. 

4. Express by equations the reactions for zinc in the wet way. Give graphic 

formulfiB for the basic carbonate and dipotassic zincic oxide. 

5. 1'5 grm. of calamine yielded '876 grm. of ZnO, what is the percentage of 

zinc in the ore ? 

6. How is metallic zinc obtained fi^)m calamine or red zinc ore ? 

7. How has ZnS to be treated in order to extract from it metallic zinc ? 

8. How is Zn separated from Mn ? 

9. How can Zn be separated from Ni and Co ? 

10. How would you remove the zinc from an alloy of Zn and Cu (brass) ? 

11. How is white vitriol prepared, 1st, from zinc blende^ 2nd, from calamine ? Give 

the composition of the crystallised salt. 

12. You have given to you calamine^ zinc blende, hydrochloric acid, water, and 

sodic carbonate. State how you would prepare from these materials 
zincic oxide or zinc white. Express the changes by equations. 



IRON. Fe", *^ and ^. — One of the few metallic elements which 
occurs very abundantly in nature, both in the free and combined 
state. It will suf&ce if we consider more especially those iron ores 
which contain the metal in sufficient quantities and which are suffi- 
ciently free from deleterious substances (such as S, P, As), to render 
them suitable for the extraction of iron by the usual metallurgical 
processes. The most important iron ores are : — 

1st. Ores containing Ferrous Oxide: — spathic or sparry iron 
ore, COFeo" (^sphaerosiderite), containing varying quantities of 
COMno", COMgo", and COCao" ; hliju^k hand or carbonaceous 
iron ore, a sphaerosiderite containing from 20 to 25 per cent, of 
bituminous matter; clay ironstone (likewise a sideride) is, as its 
name indicates, associated with clayey matter. It is from these 
two ores that the greater part of the iron manufactured in this 

M 2 



164 mON ORES. 

country is derived. They occur in the immediate proximity to tlie 
coal measures and limestone beds^the fuel and flux necessary for 
their reduction to the metallic state. 

2nd. Ores containing Ferrous and Ferric Oxides: vw., 

mdgnetic ircyti ore^ < PeO^®^" (^®"^^^ diferric tetroxide). 

3rd. Ores containing Ferric Oxide only: viz,, red hcemaiite 
{micaceous iron, oligist, specular iron or iron gkmce), T6"'208 = 

I ^aO^ (ferric oxide). This oxide forms different hydrat-es which, 

according to the amount of water which they contain, have received 

{PeOHo 
FeO 
— , qO (tetraferric 
PeOHo 
pentoxy-dihydrate) ; needle iron ore, brown iron ore or pyrrhosideritef 

Fe203, OHj = < TiftOH^ (diferric dioxy-dihydrate) ; limonite or 

rPeOHo 
PeHo, 

compact brown iron ore, brown hcematite, 2Pe20s, 30Ha = "S O 

PeHo, 

LFeOHo 

(tetraferric trioxy-hexahydrate) ; (varieties : oolitic iron ore, pea 
ore) ; yellow iron ore or xanthosiderite, P62O3, 2OH2 = \ Ti«Ho«^ 

(diferric oxy-tetrahydrate). 

A few other iron ores deserve our attention. They are not 
used for the extraction of iron, but are valuable as a cheap source 
of sulphur, viz., iron pyrites, martiul pyrites, or mundic, PoSj, 
found abundantly in nature ; PeaSa, (diferric trisulphide) ; copper 

{PeS 
— I ^Cuss", and magnetic pyrites, 5PeS, PCaSs = FGrSsy 

which may be expressed graphically, thus : — 

S = Fe Fe Fe Fe Fe Fe Fe = S 
I I 

(Penta-ferrous diferric octasulphide). 

Besides these ores, iron is found in nature in combination with 

"As' 
arsenic and sulphur, in mispickel » ^^ iFe,Fe*^S2 ; with chromium as 

f 'C5p"'0 ■^*^^u 

chrome iron ore < 'g*^nr\¥eo" ; with silica as chloropal, SiO-FejO^, 

^ ^^ _ SIO^IJ 

3OH3, and many other silicates ; as sulphate, in green copperas or 

green vitriol, SOHojFeo", GOHa ; as phosphate in viviamte,* 

* Contains also ferric phosphate, PjOsFosO^, SOHj, to which the blue colour 
of the mineral is due. 
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Pa02Feo"8, 80H2 (triferrons phosphate), and others ; as abseniate, 
in scorodite, AftOaFeaO^, 4OH3, and others. 

REACTIONS IN THE DRY WAY. 

On heating the different ferric componnds before the blowpipe, 
they tnm black and become magnetic ; when heated in the outer 
flame, on a borax bead, iron compounds impart a dark red colour to 
the borax, whilst hot, becoming llsht yellow, when cold. In the 
reducing flame they give an ollye sreen to bottle grreen bead. 

The reactions with microoosmic salt are similar but less distinct. The pre- 
sence of Co, Cu, Ni, Cr conceals the colour of the iron bead. Ferric sulphides 
and arsenides must be roasted, previous to being introduced into the borax bead. 
When heated with CONaoj on charcoal in the reducing flame, metallic iron is 
obtained as a magnetic powder. 

REACTIONS IN THE WET WAY. 

Iron forms two series of salts : viz., ferrous and ferric salts. 
It dissolves readily in dilute acids, such as HCl, SO2H02, forming 
ferrous salts, PeCU, S02Feo", with evolution of hydrogen. Cold 
dilute nitric acid dissolves finely divided iron (iron filings) without 
evolving hydrogen gas, the nitric acid being decomposed, so as to 
form ferrous nitrate and a small amount of ammonic nitrate, 
thus: — 

4Fe -h 10 nrOaHo = 4 1 Jq ^eo" + JXO^kmo -h SOHj. 

The metal iron exists in all these salts in the dyad condition, but 
exhibits a marked tendency to pass into the tetrad condition. 
Exposed to the air, PeCl2 and S02Feo" absorb oxygen and are gra- 
dually converted into ferric salts. The same change is produced by 
the action of various oxidizing agents, such as CI2, Br2, I2, ClNao, 
KO3CI in the presence of HCl, WOaHo, WOiAgo, AuClsjHgCla, 
lUKnaOeKoa, CrOaKoa, and others. We possess therefore in ferrous 
compounds powerful reducing agents. 

The tetrad condition appears to be the natural state of existence of the metal 
iron. This is rendered evident, moreover, by the limited number of ferrous com- 
pounds which exist in pature. The latter must be viewed as unsatisfied bodies, 
which, under favourable conditions, deprive other bodies directly or indirectly 
of oxygen, to form ferric compounds. Dyad iron, Fe", (called ferro^um) has 
two bonds latent, which it is ea^^er to satisfy, so as to become converted into the 
more stable tetrad iron, Fe*^ {or ferricutn)^ in which condition it occurs in nature 
in combination with sulphur only, as FeSs, without forming any corresponding 
oxygen, chlorine, etc., compounds. Two atoms of tetrad iron are invariably 
linked together in ferric oxide, chloride, etc., whereby iron becomes a pseudo- 
triad element. It is possible to combine, by artificial means, three atoms <)f 
oxygen with one atom of iron, so as to form ferrates, as in potassic ferrate, 
Fe02Ko2, in which compound the iron exists as a hexad element. 

This condition of the metal iron may be represented graphically, 
thus: — 

Dyad iron -Fe-, e.g., in PeCU, PeO, PeS. 
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Tetrad iron -Fe-, or pseudo-triad iron, -Fe — Fe-, e.o., in 

/ I • II 

Pes,, {;5;".;gi;, {5J"|s, {;jj;;;go.andia«tiyaa 

Hexad iron -Fe- or =Fe= e.g., in Pe'^OaKoa. 



A. Ferrous compoondt.-^We employ A SOLUTION OF FERROUS 
SULPHATE, SOjFeo". 

SAm2 (ffroup-reasent) gives a black precipitate of ferrous 
sulphide, FeS, insoluble in alkalies and alkaline sulphides, decom- 
posed by dilute hydrochloric acid with evolution of SH2. The moist 
precipitate absorbs oxygen from the air, and is rapidly converted 
into ferrous sulphate, and lastly into yellow basic ferric sulphate, 
with evolution of much heat. (This oxidation constitutes a frequent 
cause of the spontaneous inflammation of pyritical coal (which con- 
tains PeTOs) on board vessels). 

SHs does not precipitate neutral or acid solutions of ferrous salts ; ferrous 
acetate even is only partially precipitated. 

,KHo, NaHo, or AmHo precipitates from ferrous salts (free from 
ferric salts) white ferrous hydrate, PeHo2, which turns rapidly to a 
dirty green colour, and ultimately becomes reddish hroivn, owing to 
absorption of oxygen from the atmosphere. Anmionic salts par- 
tially prevent the precipitation, and AmHo gives but a slight pre- 
cipitate in a ferrous solution containing a sufficient amount of 
AmCl. 

GONaos, COK02, or GOAmoa precipitates white ferrous earhonmtet 
GOFeO", which becomes rapidly oxidized when exposed to air. 

KiFeCvs (potassic ferroeyanlde) produces, by the replacement of 
Ks by Fe' , a hluish-white precipitate of dlpotasslc ferrous fierro- 
cyanide, KaFe'TeCye, thus :— 

SOjFeo" + K^FeCye = KjFe"FeCy6 + SOaKoj. 

Bluish-white 
precipitate. 

insoluble in hydrochloric acid. The light blue precipitate is rapidly 
converted into a dark blue precipitate, or Prussian blue, either by 
exposure to the air, or more speedily by an oxidizing agent, 
thus : — 

4K2Fe"FeCy6 + 201, = 3FeCya,2Fe2Cy6 -f 4KC1 -f KiFeCy*. 

Prussian blue. 

K«Fe2Cyi2 (potassic ferrlcyanlde) produces a dark blue precipitate 
of triferrous dlferric dodeeacyanlde, Fe's 'Fe"'2Gyi2 (TumbuU's blue), 

insoluble in hydrochloric acid, thus : — 

SSOjFeo" -f K^iFeaCyia = Fe", 'Fe"',Cyia + SBOaKo,. 

Tumbull*8 blue. 
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NaHo or KHo decomposes both precipitates with formation of 
alkahne ferro- and ferrioyanides, and ferrous and ferrio hydrates, 
thus: — 

(1) KaFe'TeCya + 2KHo = K^FeCya • + PeHo,. 

(2) 3FeCy2,2Fe2Cy« + 12NaHo = SNaiFeCya -h 2Pe2Hoe. 

(3) Fe"8 'Fe"'2Cyi2 + 6NaHo = Na«FeaCyia + SPeHo,. 

These precipitates oani\ot form, therefore, in an alkaline 
solution. 

CyKB (potasste sulpliocyanate) gives no indication, if the ferrous 
contains no ferric salt. 

B. Ferric eontpoands. — ^We employ A solution of Ferric Chlo- 
ride, 'Pe"'2Cl^ = I ' Je "'ci^. 

SAm2 (sroup-reasent) produces a black precipitate of ferrous 
snlplilile, PeS, mixed with S, thus : — Pe2Cl6 + 3SAm2 = 2PeS 
-h S + 6AmCl. 

On dissolving the black precipitate in dilute hydrochloric acid, 
sulphuretted hydrogen is evolved, and white insoluble sulphur is 
left. (Distinction between ferrous and ferric salts.) Sulphur 
is not capable of forming a ferric sulphide in the wet way ; native 
sulphides exist, however, viz., PeSa and PCaSs, which are insoluble 
in dilute hydrochloric acid, but dissolve with evolution of SH2 in 
the presence of metallic zinc, 

SH2 does not precipitate Pe2Cl6 ; its hydrogen acts as a reducing 
agent upon the ferric salt, converting it into 2PeCl2 and 2HC1 ; white 
sulphur being precipitated, which renders the solution of the fer- 
rous salt milky. 

KHo, NaHo, or AmHo precipitates the reddish brown ferrle 
hjdrate, Pe2Hoa, insoluble in excess and in ammonic salts (except 
COAmo2). Non- volatile organic bodies (e.g,, tartaric or citric 
acid, sugar, etc.,) prevent its precipitation by AmHo, but not by 
SAm2. The precipitate retains with great tenacity small portions 
of the fixed alkalies. 

C0Nao2, COKoa and COAmo2 produce the same precipitate 
with evolution of carbonic anhydride. 

K^FeCye gives B^fine blue precipitate, 3FeCy2, 2Fe2Cya, known as 
Pnuslmn blae, thus :— 2Pe2CU + SKiFeCye = 3FeCy2,2Fe2Cyfl 
4- 12KC1. Insoluble in hydrochloric acid ; decomposed by KHo 
or NaHo ; soluble in oxaho acid ; soluble also in excess of E^^FeCya, 
to a blue solution. 

K«Fe2Cyi2 produces no precipitate, but the yellow colour of the 
ferric solution changes to reddish brotvn. 

CjKs (potaMtc snlphocyanate) gives a dark red or blood red 
colour, even in the case of very dilute solutions, which is not 
destroyed by hydrochloric acid. The sensitiveness of the reaction 
is heightened by shaking the solution containing mere traces of a 
ferric salt with ether. The blood red ferric snlphoeyanate, OyeFcsS^, 
being soluble in ether, becomes thus concentrated into a small bulk 



168 FERRIC COMPOUNDS. 

of Kqnid. The colonr of the liquid is readily destroyed by BgCla 
(also by tartaric or phosphoric acid). 

This confirmatory test should invariably be appUed, because ferric acetate, 
when heated in presence of acetic acid, gires Utewise a deep red coloration, 
whicli becomes lighter coloured on cooling. 

Ammoiiic succinate or benzoate precipitates ferrif , but not ferrous salts, 
as ferric sacdnate or benzoate.* The ferric solution should be perfectly 
neutral. Salts of FeO, KnO, CoO, NIO, ZnO are not precipitated. 
(Method op sepabation op Fe*^ fbom Mn, Ni, Co, Zn.) 

Precipitated and well washed baric or calcic carbonate, suspended 
in water, precipitates ferric salts (not ferrous salts), as ferric hy- 
drate, Pe2Ho6, with evolution of carbonic anhydride. The reagent 
is added to the ferric salt in the cold and well shaken up witli it, 
till the reddish hrowyi precipitate acquires a whitish appearance from 
excess of the alkaline earthy carbonate. 

COBao" separates in like manner the higher chlorides of (Mn, Co) 
Cr and Al from the lower chlorides. In order to separate ferric 
from ferrous compounds, or ferric, chromic, and aluminic compounds 
from ferrous, zincic, manganous, cobaltous, and nickelous salts, it is 
necessary that these metals should all be obtained in the form of 
chlorides, when, on the addition of COBao", the respective hydrates 
are precipitated from the ferric, etc., chlorides, whilst ferrous chloride 
and the chlorides of Zn, Mn, Ni, and Co, are not affected. Air has 
to be excluded as carefully as possible ; and the reaction should be 
performed in a small flask, filled nearly to the neck with the liquid, 
and kept well stoppered, after the evolution of CO2 has ceased. 
(Method for separating Fe*^ (Al^^ and Cr*^) from Fe", Zn"j Mn", 
Ni" and Co".) 

The precipitate is filtered off and dissolved in hydrochloric acid ; 
the barium is removed by means of SO2H02, and the iron, etc., pre- 
cipitated by Am Ho. 

Tannic as i^vell as uralllc adil (tincture of nut-galls) produces £rom neutral 
ferric salts a bluish black precipitate (ink), readily soluble in acids. 

A T«ry delicate reaction consists in adding a few drops of a solution of potas- 
sic ferricyanide to a dilute solution of a ferric salt, and next a few drops of a very 
dilute solution of stannous chloride, S11CI3. A blue precipitate indicates the 
presence of iron, thus : — 

(1) POaCle + KgFcaCyia gives no precipitate, but merely a dark brown 

coloration. 

(2) Te-iCli + SnCla = 2FeCl2 + SnCl|. 

(3) 3F0CI2 + KgFejCyia = Fe^sFejCyia + 6KC1. 

Turnbull's blue. 

A ferric salt when coming in contact with certain bodies (especially bodies con- 
taining some latent bonds) which possess a stronger affinity for oxygen, chlorine, 
etc., than the ferric compound, acts towards such bodies as an oxldldnv as^nt. 
Thus S'^OHoo is converted into S^^OaHoj ; KI gives oflf iodine ; Sn"Clj is con- 
verted into Sn'^Cli : SSONaoj (sodic hyposulphite) is oxidized to SOsHoNao. 
Iron and zinc readily reduce ferric to ferrous salts. 

* The formulsD of these compounds will be explained under the respective 
acids. 
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C. Fenie anhjdrlile, Fe^Os, or ferric acid, Fe^2^02i containing hexad 
iron, has never been obtained in an unoombined state. The alkali salts only are 
known and are obtained, like the alkaline manganates, bj fusing ii'on filings with 
nitre. Ferrates are decomposed far more readily than manganates. 

QUESTIONS AND EXERCISES. 

1. Mention compounds illustrative of the dyad, tetrad, and hexad nature of iron. 

2. Enumerate some of the most important iron ores used for the extraction of 

iron in this country. Q-ive constitutional and graphic formulas. 

3. Which are the more important sulphides of iron ? Give constitutional and 

graphic formulse. 

4. G-ive the graphic formulae of chloropal, chrome iron ore, ^reen copperaSf and 

vivianite. 
6. How is iron detected in the dry way ? 

6. What takes place when iron is dissolved in HCl, in SO2H02, or in dilute 

KO2H0 ? 

7. Explain the change which takes place when F0CI2 is acted upon by atmo- 

spheric air, by chlorine, KO3CI and HCl, HO2H0, KgCl2, AUCI3, and by 
Kn206Ko2 and HCl. Express the changes by equations. 

8. Give graphic formulae for ferric chloride, ferric hydrate, ferrous sulphide, 

dipotassic ferrate. 

9. Explain the action of SH2 and SAm2 upon ferric salts in acid solutions ; 2°, 

in neutral or alkaline solutions. 

10. How does KjFeCyg and K6Fe2Cyi2 enable us to distinguish between ferrous 

and ferric salts ? 

11. State why K6Fe2Cyi2, in the presence of SnCl2, produces a blue precipitate 

with ferric salts. 

12. Explain the action of CyKs upon ferrous and ferric salts. 

13. Explain the action, V of j ^qHo' ^^ ^^ ^^°* ®° ^^ K4FeCy6 upon Prussian 

blue. 

14. What change is produced when Pe2Cl6 is brought together, 1®, with SO2 j 2®, 

with SnClj ? 
16. Explain the action of metallic iron or metallic zinc upon S306Fe20^. 

16. How would you prepare dipotassic ferrate ? Explain the action, 1°, of water ; 

2*', of HCl upon it. 

17. How much hydrogen gas by weight and volume (at 0** C and 760 mm.) is 

obtained when 10 grms. of metallic iron are dissolved in dilute hydro- 
chloric acid ? 

18. How much sulphurous anhydride gas by weight and by volume is required 

to reduce 1'324 grm. of ferric sulphate to ferrous sulphate ? 

19. Calculate the percentage composition of S'oS2. 

20. The value of a ton of Sicilian sulphur (containing 94 per cent, of S) is £6, 

that of a ton of iron pyrites, «'oS2, containing 46*5 per cent, of sulphur, 
£1 10*. Qd. Ascertain which can be more profitably worked in the manu- 
facture of sulphuric acid, having regard merely to the respective sources of 
sulphur. 

21. How much metallic iron is required to manufacture one ton of crystallised green 

vitriol 1 

22. '432 grm. of brown haematite ore gave '350 grm. of ^6203. What is the 

percentage of metallic iron in t£e ore, and what the percentage of brown 
haematite present ? 

23. How is 2*6203 separated from S"eO ? Describe two methods. 

24. How would you separate Fe208 from Zn", Mn", Ni", and Co" ? 

25. Why is it preferred to precipitate Pe2Cl« by means of AmHo, instead of KHo P 
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CHROMIUM, Cr", >^ and ^.— Tliia element is comparatively rare. 

( Ci*0 
It occmrs in nature chiefly as chrome iron ore, < CrO^®^"» *^^ ^^ 

coisUej Cr02Pbo". Chromic oxide constitutes the colouring matter 
in ruby, green serpentine, etc. 

REACTIONS IN THE DRY WAY. 

Chromium compounds are readily recognized by the very 
characteristic sreen colour which the oxide imparts to borax and 
microcosmic salt, especially in the reducing flame. Finely powdered 
chrome iron ore, when fused in a platinum spoon or crucible with four 
times its weight of hydric potassic sulphate, and then with the addi- 
tion of an equal bulk of nitre and COK02 (equally mixed), yields a 
yellow 171088 of potassle chromate, CrOaKoa, which is soluble in 
water. 

REACTIONS IN THE WET WAY. 

Chromic salts can be prepared from the yellow CrOaKoa, or the 
red dipotassic dichromate, CfaOsKoa, by heating with dilute hydro- 
chloric acid and adding alcohol, drop by drop, when the yellow 

'Cr"'Cl 
solution changes to a deep green solution of CTjCle = >Crf"C\* 

in which the Cr exists as a tetrad element. 

A lower chloride, CrClj, has been prepared in which Cr acta as a djad element ; 
but as it has to be carefully kept from the air to prevent its becoming rapidly 
oxidized, and as it is of no real practical use, a passing notice of it will suffice. 

Chromium is capable of forming three series of compounds* 

Chromous oompounds Chromic compounds Chromates 

containing djad Or. containing tetrad Cr. containing hezad Cr. 

Cr"Cla. 'Cr"'2Cl«. Cr^O,Ko,. 

Cr"0. 'Cr"'a03. Cr^OjPbo". 

Cr"Ho2. 'Cr"'2Hoe. 

of which we purpose studying only the two latter. 

A. Chromic CompooniU. — ^We employ A solution OF Chbomio 
Chloride, CraCl^. 

SAma (vroap-reasent) precipitates hlui8h green chromle hydmtey 

CrsHoe, insoluble in excess. 

AmHo precipitates the hjdrate, somewhat soluble in excess, the 
fluid acquiring a pink tint. The precipitation is complete on 
boiling. . 

KlHo or NaHo, same precipitate, readily soluble in excess to a 
green solution; reprecipitated by long- continued boiling or on 
adding AmCl, whereby the fixed aJkali is removed as KCl or NaCl 
with substitution of AmHo. 

* The intermediate oxides, i QtO^^^" (chromous dichromic tetrozide), and 
OrO] (chromic dioxide) cannot be considered here. 
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C0Nao2 and COAiuo2 give greenish precipitates of baste 
bonates (varying in composition), somewhat soluble in excess. 

COBao" precipitates baste carbonate. The precipitation takes 
place in the cold, but is completed only after long digestion. 

Chromic compounds may be recognized also by converting the 
chromic oxide into chromic acid. This may be accomplished : — 

1st. By boiling a solution of Cr2Cl6 with PbOa and KHo or 
NaHo. The reaction which takes place, and which is indicated by a 
change of colour (from gree7i to yellow), may be expressed thus : — 

(1) CrjCl* -f 6KH0 = Cr^HoB + 6KC1. 

Soluble in 
excess of XHo. 

(2) CraHoe + SPbOa = 2Cr02Pbo" -h PbO. 

Soluble in Soluble in 
KHo. KHo. 

On acidulating the solution with acetic acid, a precipitate of 
plumbic chromate, Cr02Pbo" is obtained. 

2nd. By boiling a solution of Cr2Cl6 with NaHo and sodic hypo- 
chlorite, ClNao, thus : — 

CraHoe -h SClNao -h 4NaHo = 2Cr02Nao2 -h 3NaCl -h SOHj. 

Yellow disodic 
chromate. 

B. Chromic anhyiiriiie, Cr^Os. — Chromic acid, Cr02Ho2, com- 
bines with KHo to form two salts, the normal, or yellow chromate^ 

( CrOjKo 
Cr02Ko2, and the orange red dichromate, < , isomorphous 

( CrOjKo 
with the corresponding sulphate and disulphate. 

The anhydride may be prepared by slowly adding to a cold saturated solution 
of the red dipotassic dichromate 1^ times its bulk of concentrated sulphuric 
acid, and allowing it to cool slowly. CrOs crystallises out in brilliant crimson 
red prisms. The mother-liquor is poured off, and the crystals placed to drain 
upon a porous tile or slab of unglazed porcelain (biscuit) and kept covered with 
a bell-jar. They must be preserved in a well-stoppered bottle. 

Chromic anhydride is one of the most powerful oxidizing agents 
known ; two molecules of CrOs can yield three atoms of oxygen, 
according to the equation : — 

CrOs = CraOs + O3. 

The metal chromium appears to exbt in nature mostly in the tetrad and 
hexad state, as a glance at its natural compounds will show. Chromium differs, 
however, in a marked manner from iron and manganese, which can likewise exist in 
the tetrad and hexad state, by forming more stable hexad compounds (chromates), 
whilst in perchromic acid, on the other hand, the metal chromium appears to 
hold the oxygen less firmly than manganese holds it in permanganic acid. 



172 OXIDIZING ACTION OF OHROBOO ANHYDRIDE. 

Reactions fob CrOs based upon its Oxidizing Action. 

A SOLUTION OF DiPOTASSic DiCHEOMATE, Cr206Ko2, may be em- 
ployed. 

SH2, in the presence of free hydrochloric acid, reduces the orange 
red solution to a green liquid, sulphur only being precipitated, 
thus: — 

SAm2, added in excess to a solution of an alkaline chromate or ^^ 

dichromate, precipitates dirty green bydrated cbromlc chromate. ^ 

On boiling, the whole of the chromium separates as green chromle *: 

hydrate, thus : — '^ 

CraOfiKoa + SSAm, + 7OH2 = CrsHoa + S, + 2KHo + 6AmHo. i- S 



CraOsKoa -h 8HC1 + SSHa = CraCl^ -h 2KC1 -h 7OH3 + Ss. 



{ 



CrO,Ko |gai 

+ 4SO,Ho, = Sn Ci-'O^ + 40H, + O,. 



HCl (concentrated) evolves chlorine, and the hydrogen combines 
with the three available atoms of oxygen in the dichromate, thus : — 



{ 



CrOaKo 

O + I4flCl = Cr»Cl« + 2KC1 -h 7OH2 + 3C1». 

CrOaKo 



Q 



'h 




In the one case the H2 of the SHa acted as the reducing agent ; --. 
in the other the (NH4)2 of the SAm2. i^ 

SOH02, in the presence of a little free S02no2, reduces the 
dichromate to cliromic sulphate, thus : — 

Cr206Ko2 4 3SOH02 + 2SO2H02 = S30«Cr20^ + SOjKoa+SOHa. 

Chromic sulphate and potassic sulphate constitute potassium 

SO2K0-, 

SO = ' 
chrome alum, or (dipotassic chromic tetrasulphate) ^^x* __ Cr20^. 

SO2K0-I 3 

I COH^ (oxalic acid), in the presence of free acid (dilute sul- ^^ 

phuric acid), produces the same reaction, carbonic anhydride being ^ 
evolved. Six molecules of CO2 become the measure for one mole- ^^ 
cule of dipotassic dichromate. Tartaric and citric acid act in like ' ^it^ 
manner. » 

SO2K0-1 ^ 

Cr205Koa + 3 ( ^^^l -f 6SO2H02 = |o£r20^ + 6C0, -h 80H,. 

SOjSoJ 

S02Hoa (concentrated) reduces the dichromate, on the application 
of heat, with evolution of oxygen and formation of potassium chrome 
alum, thus : — 



{ 
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A820s (in a hydrochloric acid solntion) is converted into 
iOHos, thus : — 

CrOaKo 

O + SAsHo, -h 8HC1 = Cr,Cl« + 2KC1 + SAsOHo. 

CrOjKo . • + 40Ha. 

SnClj, SbCls, PeCU, Zn (Fe, Sn, etc.) in the presence of dilute 
HCl reduce likewise chromates or dichromates. 

Reactions for CrOs produced by Double Decomposition. 

Chromates of the alkalies and alkaline earthy bases (with the 
exception of baric chromate, Cr02Bao",) also of manganese and 
copper, are soluble in water ; all other chromates are insoluble, but 
dissolve readily in dilute nitric acid. 

B&CU, added to a solution of a normal chromate or dichromate, 

gives a light lemon yellow precipitate of baric cbromate, Cr02Bao", 

even in very dilute solutions ; insoluble in acetic acid, readily soluble 

in nitric or hydrochloric acid, and reprecipitated by AmHo. 

fCHs 

I CO 

; ^Q Pbo" (plumbic aceUite) gives B.fine lemon yellow precipi- 

ICH, 
tate of plumbic cbromatc, Cr02Pbo", soluble in KHo, sparingly 
soluble in dilute nitric, insoluble in acetic acid. 

rr02Ago (argentic nitrate) gives a dark purple red precipitate of 
dlarsentlc cbromatc, Cr02Ag02, soluble in nitric acid and ammonia. 

rCrOzAgo 
From weak acid solutions dlarsentlc dlcbromate, < O , is pre- 

( Cr02Ago 
cipitated. 

-^^^Hg2o" (mcrcurous nitrate) gives a dark hrick red basic 

precipitate of CrOHg2o"Hg2o", which on ignition is converted into 
oxygen, mercury, and fine green Cr203. (Method of separating 
Chromic Acid from Chromic Oxide.) 

On bringing together a little chromic acid with hydric peroxide, O2H2, in an 
aqueous solution, a deep indigo-blue solution is produced, owing probably to the 
formation of perchbomio acid, in which chromium plays the part of a pseudo- 
octad element, analogous to permanganic acid. 

A solution of perchromic acid decomposes, however, rapidly with evolution of 
oxygen, leaving CrOaHos ; and its constitution is yet doubtful. A solution in ether 
is far more stable than an aqueous solution. It is obtained by adding ether to a 
very dilute solution of O2H2 and then a drop of a dilute solution of a chromate. 
On shaking up gently the ether takes up the whole of the perchromic acid, and 
acquires an intense blue colour. Mere traces of OrOs can be discovered in this 
manner, or vice versd the smallest quantities of O3H3. 

QUESTIONS AND EXEKCISES. 

1. Which is the most important chromium ore P Give symbolio and graphic 
formula. 
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2. How is chromium detected in the dry way ? 

8. What analogy exists there between chrome iron ore and chromouB dichromio 

tetroxide ? 
4. Describe how chromic chloride or sulphate is obtained firom an alkaline 

chromate. 
6. Giye symbolic and graphic formuhe for dipotassic chromate and dichromate, 

and trace their analogy with the corresponding sulphates. 

6. Describe the reactions by double decomposition which you can produce with 

chromic compounds. Give equations. 

7. How can chromic compounds be converted in the wet way into chromates P 

Give instances and express the changes by equations. 

8. How is chromic anhydride prepared ? 

9. Give instances of the oxidizmg action of chromic acid. Express the changes 

by symbolic equations. 

10. What is the composition of potassium chrome alum ? State shortly by what 

processes it is prepared from chrome iron ore. 

11. You have given to you oxalic, hydrochloric and concentrated sulphuric adds, 

dipotassic dichromate and water. State how you would prepare OO3, O, 
or CI gas from these materials, and express the changes by equations. 

12. What Ib the action of nascent hydrogen upon alkaline cluromatee P CKve 

several instances and express the chajiges by equations. 

13. Describe some of the most characteristic reactions for chromic acid produced 

by double decomposition. Give equations. 

14. How would you distmguish between chromic oxide and chromic acid occurring 

in one and the same solution ? 

15. Which chromates are soluble and which are insoluble in water ? 

16. What evidence is there for the existence of percliromic acid ? 

17. How can we test for mere traces of hydric peroxide ? 

18. Calculate the percentage composition of potassium chrome alum, containing 

24 molecules of water of crystallisation. 

19. How can Cr be separated from every other metal of Group III, except Mn P 

20. How can CP2O3 be separated from Fe", Zn", Mn", Ni", Co" salts ? 

21. 1-600 grm. of chrome iron ore yielded 2-95 grms. of OrO,Pbo'. What 

percentage of Cr does the ore contain, and how much dipotassic dichromate 
can be manufactured from oue ton of the ore ? 

22. 1*2 grm. of a sample of sodic chromate yielded with 4 ^/^T^ '89 grm. of 

OO2. What percentage of chromic anhydride did it contain ? 



ALUMINIUM, Al" and *^.— One of the metallic elements which 
occtirs most abundantly in nature, both in the form of the oxide and 
as an important constituent of many minerals, in combination with 
SILICA, with SULPHURIC, PHOSPHORIC, and other acids ; and in the form 
of FLUORIDE in cryolite^ and the rare topaz. For a list of some of the 
more interesting aluminic compounds the student is referred to 
** Lecture Notes,'* page 179. 

REACTIONS IN THE DRY WAY. 

Alumina, when heated on charcoal, is distinguished from other 
earths by its property of assuming a beautiful blue colour, after 
being moistened with a solution of cobaltous nitrate and ignited once 
more strongly. This test becomes inapplicable when coloured 
oxides, such as FejOs, MnO, etc., are present, in which case re- 
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course must be had to the examination in the wet way, in order to 
discover AlaOs. 

REACTIONS IN THE WET WAY. 

We employ A solution op ammonium alum, SiOgAmoaAljO^, in 
which Al plays the part of a tetrad (pseudo-triad) element, or of 

alumitUc chloride, I ' A.l"'ri • 

SAm3 gives a white gelatinous precipitate of alumlnte hjdrate, 
£LkJlo%, sulphuretted hydrogen being evolved, thus : — 

SiOsAmojAlao^* -h 3SAm, + GOH, = AljHos -f 4S02Amo2 

+ 3SH,. 

KHo or NaHo* precipitates the bjdrate, readily soluble in excess, 
reprecipitated by excess of AmCl, or by AmHo, after neutralization 
of the alkali by hydrochloric acid. The alkaline solution is not 
precipitated by SAm2. 

AinHo precipitates, the hjdrate, somewhat soluble in excess, in- 
soluble in the presence of much ammonic chloride, and on boiling. 

OONaos or COAmoj precipitates baste carbonate of uncertain com- 
position. 

COBao'' precipitates ^l2Ho6 mixed with baste salt, very slowly 

in the cold. 

POHoNao2 gives a bulky white precipitate of alamlnlc pbospbate, 

p202Al20^, insoluble in AmHo and AmCl ; soluble in NaHo, like the 
hydrate (AmCl reprecipitates the phosphate from the soda solution), 
and in acids, but not in hot acetic acid (Distinction of JLhO^ from 
Aluminic Phosphate). Alkaline acetates precipitate P202AlaO^ 
j&om its solution in mineral acids. 

In order to decompose aluminic phosphate (e.ff., in the mineral waveUUey 
P40(Al20^')3)I2OH2), it is best to fuse the finely powdered mineral with 1^ part 
of finely divided SlOj and 6 parts of CONao2, in a platinum crucible, for about 
half an hour. The mass is digested for some time with water, and COHoAmo 
added in excess ; it is then filtered and washed. The residue consists of aluminic 
and sodic silicate, the solution contains the sodic phosphate. Dissolve the residue 
in dUute hydrochloric acid, and evaporate to dryness to separate 8i02, and 
filter. The filtrate may be tested for Al in the usual way. 

Alumina occurs mostly in minerals which are not soluble in 
acids. Boiling with concentrated sulphuric acid attacks many ; all 
are, however, decomposed by fusion with SO2H0K0, or with fusion 
mixture, and become readily soluble in water, or in dilute hydro- 
chloric acid (compare Chapter XIX). 

Powder up some porcelain very finely, and fuse for half an hour in a platinum 



* Potassic or sodic hydrate is mostly contaminated with alumina, derived 
during the manu&cture from porcelain vessels, etc., and it is, therefore, abso- 
lutely necessary to employ pure NaHo (prepared from sodium) for the separation 
of Fe and Al. It must likewise be recollected that NaHo acts destructively upon 
porcelain and glass vessels ; the precipitate should, therefore, not be heated 
longer than is necessary for its complete precipitation. 
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crucible with, four times its weight of fusion mixture. Extract with water. 
Transfer to a porcelain dish, acidulate with hydrochloric acid, and eraporate to 
dryness. Take up with a few drops of concentrated hydrochloric acid and hot 
water, and filter ; wash the insoluble SIO2 well with hot water. The filtrate 
contains the aluminium as AljCls) from which it can be precipitated as usual. 

Alnminic silicate is often found in nature associated with potassic 
or sodic silicate, as in felspar (dipotassic aluminic hexasilicate), 
Si608Ko2Al20^, and alhiie^ SieOgNaoiAUo^. In order to test for 
potassium and sodium, alkali salts must, of course, be careftilly 
avoided. This can be done by making use of hydrofluoric acid. 

Introduce a small quantity of finely powdered y<?iffpar into a platinum crucible 
or dish ; treat with liquid hydrofluoric acid, and evaporate at a gentle heat in a 
cupboard which is connected with the chimney. HF attacks the SIO2, forming 
sihcic fluoride, SIF^ — a volatile compound — and leaves the aluminium and 
potassium behind as fluorides readily soluble in dilute hydrochloric acid .— 

SieOsKoaAlao^ + 32HF = 6 SIF4 + 2KF + AljFe + 160Hj. 

The decomposition is generally only completed afler two or three evaporations 
withHF. 

QUESTIONS AND EXERCISES. 

1. Enumerate some of the more important aluminium minerals ; give constitu- 

tional and graphic formulse. 

2. How is AI2O3 detected in the dry way ? 

8. GHve equations for the reactions of aluminium in the wet way. 

4. How is wavellUe examined for alumina P 

6. How IB felspar examined for alumina? 

6. How can insoluble aluminium minerals be rendered soluble in water or 

acids ? 

7. Explain the action of HF upon y<?^ar and albite. 

8. How can AI2O3 be separated from PeaO, ? 

9. How is AI2O3 separated from Fe", Zn", Mn", Ni", Co" compounds? 

10. Calculate the percentage composition of felspar, 

11. What changes take place when ammonium alum is strongly ignited P 

12. How can AljOs be distinguished from PjOjAlsO^ P 

Tlis separation of the metals of Or&iip III is surrounded by some 
difficulties, on account of the unavoidable complication which arisee 
fi*om the possibly simultaneous precipitation of — 

1st Sulphides, viz., Zf IS, CoS, MnS, ZnS, FeS. 

2nd. Hydraf^Sy viz., Cr^Hoe, AI2H06, and 
3rd. Phosphates of Cr, Al, Ba, Sr, Ca, Mg, 

and it is therefore well always to ascertain, by a special experiment, 
whether phosphoric acid, in combination with the above metals, is 
present or not in the solution under examination. 

This can readily be done by adding AmCl, AmHo, and SAmg 
to a small portion of the solution (or to the filtrate from Group II). 
On dissolving the precipitate which these reagents produce in dilute 
hydrochloric acid, with the addition of a few crystals of KO3CI, and 
adding a solution of ammonic molybdate,* a yellow precipitate is 

* For the preparation of this reagent see Appendix. 



V 
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obtained (especially on digesting for some time at a gentle beat), 
sbowing the presence of pbospboric acid. K no precipitate is 
obtained, tbe solution need only be examined for Ni, Co, Mn, Zn, 
Fe, Al, and Cr. 

I. Phosphoric acid Is absent. — This is sufficiently indicated, if 
the original substance dissolved readily in water. If insoluble in 
water, but soluble in dilute acids, phosphoric acid may likewise be 
absent from the substance, but not necessarily so. 

It would appear at first sight that the deportment of the five sulphides and 
two hydrates with ammonic chloride and amnionic hydrate, sodio or potassio 
hydrate, or dilute acids {ex.gr.y HCI), would enable us to separate the members of 
this group, or several of them, from each other. We have seen for example that— 

Ist. Niy COt Mn, Zn are not precipitated by AmHofrom a solution containing 
large excess of Am CI ; whilst FejHosi CrsHog, and AIqHos are precipitated. 
It has, however, been found that the mode of separation, based upon this solvent 
property of ammonic chloride, gives very imperfect results ; since the COsHoe 
carries down varying quantities of the other oxides, especially on exposure of the 
solution to the air, when higher oxides of manganese, etc., are formed which are 
not soluble in ammonic chloride. Small quantities of Ni, Co, Mn, and Zn are 
thus frequently overlooked altogether. It is only by redissolving the precipitate 
and reprecipitating several times over with AmCl and AmHo, till the filtrate 
gives no longer a precipitate with SAmj, that iron can be sepai^ted from man- 
ganese, etc., m this manner. 

2nd. That Zn, Al and Cr are precipitated by KKo or NaHo, but are soluble 
in excess ; whilst the other metallic hydrates are insoluble. From this it would 
appear that these three metals can be separated by means of the ^xed alkaline 
hydrates. But it has been found that PosHoe, MiHoj, C0H02, K11H02 canr 
down appreciable quantities of Z11H02 and — more especially the COsHos preci- 
pitate— of OPsHos, and that a complete separation cannot be efibcted by pre- 
cipitation with KHo or NaHo. 

3rd. Cold dilute hydrochloric acid does not dissolve OoS or WIS to any great 
extent, but dissolves the other sulphides and hydrates. This method, if practised 
with care, gives good results ; small traces only of CoS and WIS being generally 
dissolved out. But as it leaves the iron, aluminium and chromium still to be 
separated from manganese and zinc, no saving of labour is effected thereby in the 
separation of these seven metals. . 

In finely dividedy freshly precipitated baric cariioiiate, COBao", 
we possess a red^ent which separates the lower oxides^ viz., 2ill0, IMblO, 
ZnO, CoO (this latter not quite so perfectly), from the higher oxideSj 
viz., FCsOs, Al%Os, and CfaOs. The metals should be first obtained 
as chlorides. 

The examination of the precipitate produced by COBao" is based 
upon — 

Ist. The solubility of ^IjHoe in Najko, 

2nd. The conversion of CfaOs into CrOs by fusion with sodi-c car- 
honaie a/nd nitres or by boiling with ClNao, or with PbOg in an 
alkaline solution. 

The examination of the filtrate is based upon — 

1st. The solubility of Z11H02 in sodic hydrate » 

2nd« „ „ mKnS in ascetic acid. 

3rd. The formation of solvhle B^eCoaCyu and the precipitation of 
Ni as black ZTiaHoe by ClNao or chlorine. 

Directions for the separation of these seven metals will be found 
in the analytical tables under Group IIIa. 

N 
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PRACTICAL EXERCISES* ON GROUPS IIIa, IV and V. 

You are requested to analyze — 
' 1. A solution of ferric chloride, ammonium alum and manganouB chloride, con- 
taining -SOOgrm. of Fe, '050 grm. of Mn, and -050 grm. of AL 

2. A solution of SOaNio'' and N3O4C00'', containing *050 grm. of Ni and *010 

grm. of Co. 

3. A mixture of the solid salts : zinc white, green yitriol and potassium iklum $ 

both in the dry and in the wet way. 

4. A solution of SOjZno^' and potassium chrome alum, containing '500 grm. of 

Cr and '050 of Zn. • 

5. A mixture of potassium chrome alum and green vitriol (about *050 grm.), in 

the dry way only. 

6. A mixture consisting of ferric oxide, manganic oxide and zincic oxide con- 

taining '050 grm. of FejOs, '010 grm. of BKnOs and *100 grm. of ZnO ; 
to be examined in the di^ way only. 

7. A sample of dolomite, for Fe'^ (Mn) Ca and Mg. 

8. A sample of calc spar^ for Fe'' and Ms. 

9. Samples of iron ores, e.g., red Juemattte, brown JuBmaHte, magnetic iron ore, 

martial pyrites j to he examined for water and sulphur only. 

10. A sample of calamine, in the dry way only. 

11. A sample of chrome iron ore for chromium in the dry way orJy. 

12. A sample of magnetic iron ore for Fe", in the wet way. 

Tahtdate the reactions produced by AmCl and AmHo, NaHo or 8Amt 
with the memhers of Group IIIa, according to the following scheme — 



Reagent. 


AI2O3. 


OrsO,. 


FejO,. 


ZnO. 


KnO. 


NiO. 


OoO 


AmCl, 
and 
AmHo. 


A white gelatin- 
ous precipitate 

of AI3HO6, 

slightly soluble 
in excess, re- 
precipitated on 
boiling. 














NaHo. 


Ditto, soluhle 
in excess. 














SAnis. 


A white gelatin- 
ous precipitate 
of AljHoe, in- 
soluble in ex- 
cess. 










• 





with the main view of fixing upon the memory the solubility or insolubility of 
the precipitates in excess of the re a ge nts. 

II. Pbosphoiic Add Is present. — The original substance was 
either insoluble or only partially soluble in water, but soluble in 
hydrochloric acid. In this case AmCl and AmHof produce a pre- 
cipitate, before SAmj is added ; the precipitate may possibly consist 

* These exercises may of course be yaried, and should be looked upon merelj 
as indicative of the course to be pursued. 

f If AmCl and AmHo should give no precipitate, it is obvious that no jdioA- 
phates and no Fe, Al and Cr need be looked for. 
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of NiS, Cos, MnS, ZnS, FeS, AI2H06, CraHoe, as weU as the 
phosphates of (Cr), Al, Mg, Ca, Sr, Ba. 

It is obvious that ammonic phosphate is formed by the decom- 
position of the phosphates of the metals Ni, Co, Mn, Zn, Fe (if pre- 
sent) by SAma— AmCl and Am Ho precipitate these phosphates 
without decomposition — which, in its turn, would act upon any 
soluble salts of Mg, Ba, Sr, Ca, and precipitate phosphates of these 
metals, although none may have been present originally in the 
saline mixture. An example will make this clear. Let us suppose 
that the substance under examination consists of COBao",Fa02Cfao"s 
and PaOaFcaO^. On dissolving in hydrochloric acid, baric chloride 
ii formed, and the calcic and ferric phosphates are dissolved without 
decomposition. On adding AmCl and Am Ho, a yellowish white pre- 
cipitate of PaOaFcaO^ and p302Cao"8 is obtained, whilst BaCla is 
not precipitated. On adding, however, the AmCl and AmHo, as well 
as the SAma, to the solution, PaOaFcaO^ is decomposed into FeS and 
POAmoj, which latter, by acting upon the BaCla, would precipitate 
baric phosphate. In order to avoid this, the precipitate produced in 
Group III by AmCl and AmHo, which contains for the most part 
the whole of the phosphates, is filtered off, and SAma added to 
the filtrate only. The two precipitates are washed separately, 
transferred to a porcelain dish and boiled with a little SAma, which 
decomposes the metallic phosphates (possibly also some FOaHoe) ; 
leaving the phosphates of the e arth s and alkaline earthy bases (if 
any), as well as the hydrates of Cr and Al, unchanged. The insoluble 
residue is filtered off and washed with hot water (to which a little 
SAma has been added to prevent oxidation of PeS, etc.) ; the 
filtrate is tested for phosphoric acid by means of AmCl, AmHo and 
SOaMgo". A white crystalline precipitate shows that phosphoric acid 
was present, in combination tdth the metals predpitahle as stUphides, 

The residue is dissolved in a little hot hydrochloric acid (with 
the addition of a few crystals of potassic chlorate, if necessary). 
Add some ammonic molybdate to a portion of the hydrochloric 
solution and heat gently. In the absence of a yellow precipitate, 
no phosphates of (Cr), Al, Ba, Sr, Ca, Mg need oe looked for ; and 
the solution may be examined according to Table IIIa ; whilst a 
yellow precipitate indicates that phosphates of the earths or alkaline 
earthy bases are present, in addition to the metallic phosphates. 

Add an excess of a solution* containing sodic acetate and strong 
acetic acid : PaOaFcaO^, (as well as PjOaCrjO^ and PaOaAlaO^, if 
present), are precipitated. Any phosphates of the alkaline earths 
left undecomposed by the ferric chloride, are held in solution by the 
acetic acid. To the filtrate add FeaCl«, drop by drop, as long as a 
precipitatef is obtained, and till the colour of the supernatant liquid 

* For the preparation of this solution see Appendix. 

t Phosphates of the alkaUne earthj bases must be absent, if JPe^Cl^ produoet 
no precipitate with a portion of the acetic acid solution^ and no ferric salt need then 
be added to the filtrate. (The presence of iron, other than phosphate, is generally 
indicated by the reddish colour of the filtrate.) In this case Al and Cr will like- 
wise have to be looked for in the filtrate. 

N 2 
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becomes distinctly reddish. Digest at a gentle heat ; allow to sub- 
side and filter. In this manner the whole of the phosphates of the 
alkaline earthy bases are decomposed, with formation of p202FeaO^, 
insoluble in acetic acid — (which precipitate may be neglected), and 
chlorides of Mg, Ba, Sr, Ca which remain in solution, together with 
.the chlorides of Ni, Co, Mn, Zn (and the excess of FezCU added). 
The precipitate produced by AmCl, AmHo and SAmi, from 
which the whole of the phosphoric acid has been thus removed, can be 
examined accordiug to Table IIIa. The alkaline earthy metals are 
separated according to Tables IV and V. It should be borne in 
mind that these metals can have been present in the original sub- 
stance only as phosphates^, and the filtrate containing these metals 
should on no account beSnixed up with the main filtrate from 
Group III, but should be examined separately. 

It may be of interest, occasionallj, to ascertain, whether any oxalates of Ba» 
Sr, Ca, and Mg (which are destroyed by cTaporation with nitric acid and ignition, 
before proceeding to Group III), were present in the original mixture, in which 
case the evaporation to dryness and ignition must be omitted. 

The precipitate produced in Group III by AmCl and AmHo alone contains 
the oxalates, as well as the phosphates of the alkaline earthy bases, and possibly 
also silica. The oxalates are decomposed by gently igniting the precipitate. The 
ignited mass is extracted with dilute hydrochloric. Silica, if present, is rendered 
insoluble and may be separated by filtration. To the acid solution, which xdaj 

Cibly contain phosphates of Mg, Ca, Sr and Ba, as well as chlorides of the 
8, present before ignition as oxalat4*s, add AmCl and AmHo and filter off. 
The filtrate contains the chlorides of Ba, Sr, Ca, and Mg, and is tested separately 
according .to Tables lY and Y. All Bases so discoyebbd must hayb been 

PBBSENT OBIOINALLT AS OXALATES. 

We may, then, sum up by stating that the separation of the 

METALS AND SALTS (PHOSPHATES) PRECIPITATED IN GrOUP IIIb IS 

based upon : — 

1st. The insolubility of the phosphates of Fe, Aly and Or in acetic 

a^d, in the presence of alkaUne acetates. 
2nd. The separation of the whole of the phosphoric acid which is in 
combination with the alkaline earthy bases, by means of FOsClf, 
in an acetic solution. 
All other operations are identical with those described in Tables 
IIIa, IV, and V. 

A tabular scheme for their examination* will be found in the 
analytical tables, under Group IIIb. 

QUESTIONS AND PEACTICAL EXERCISES ON GROUP IIIb. 

You are requested to analyze : — 

1. A hydrochloric acid solution, containing common sodio phosphate, ferric 

chloride, calcic and magnesic chlorides. 

2. A hydrochloric acid solution, containing common sodic phosphate, nickelous 

sulphate, cobaltous nitrate, zincic sulphate, and ferric chloride. 



* The examination of Group Ills, containing phosphates, may be deferred 
ttntn the student has become acquainted with the reactions for acids. 
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3. A hydrochloric acid solution of calcic phosphate, chromic chloride, and 

aluminic phosphate. 

4. A mixture of bone-ash and much ferric oxide. 

6. A mixture containing little ferric oxide and much magnente (or magnesia 
alba) and bone-ash. 

6. A hydrochloric acid solution of common alum and hydric disodic phosphate. 

7. How would you recognize alumina in the presence of aluminic phosphate ? . 

8. Given a reddish coloured solution (owing to the presence of ferric salts), which 

^Tes a copious precipitate on the addition of sodic acetate and acetic acid 
in the cold, leaving the solution still coloured. What inference is to be 
drawn from this observation ? 

9. A solution contains chromic chloride, chromic phosphate, and dipotassic 

dichromate. State how you would distinguish these three chromium 
compounds from each other. 

10. An acid solution (HCl) of a mixture, consisting of ferric chloride, baric 

chloride, and common sodic phosphate, retains its reddish colour, after 
precipitation with sodic acetate and acetic acid. What inference must be 
drawn fix)m this, and what would you infer, if the filtrate were colourless, 
but gave no further precipitate on the addition of CejCle ? 

11. You have a solution given to you which gives a precipitate with AmOl and 

AmHo. What inference must you draw, if the filtrate gives no further 
precipitate on the addition of 8 Amj ? 

12. You have given to you a concentrated solution of ferric chloride. On adding 

a few drops of a solution of hydric disodic phosphate, a yellowish precipi- 
tate appears. Explain what takes place, 1st. When a portion of the 
solution in which the precipitate is suspended is boiled. 2nd. When 
acetic acid is added, in tne cold, to another portion. 3rd. When the pre- 
cipitate is filtered and treated with excess of the hydric disodic phos- 
phate, in the presence of ammonia. 



Chapter V. 
REACTIONS OF THE METALS OF GROUP U. 

This group comprises the metals mercury, lead, bismuth, copper, 

CADMIUM, ARSENIC, ANTIMONY, TIN (OOLD and PLATINUM), which are 

precipitated from add solntioiis (HCl) by means of sulphuretted 
hydrogen. 

Mix together solutions of NsOsBio'^', HflrCls, 8O3CU0", OdCl,, ASjOs (dis- 
solved in HCl), N304Fbo'', SbCls, SnCIj, and SnCLi, and pass a current of SHs, 
without first filtering off the white precipitate which is produced. Filter ; pass 
the gas again through the clear filtrate, to make sure that the metals have heen 
entirely precipitated. Wi^h theprecipitate with hot water ; remove a portion 
from the filter ; boil with a little SAmj, and filter off. A black residue is left, 
consisting of BflrS, PbS, BigSs, OaS, CdS. The solution contains As^si 
Shj^f onS, and SnSj dissolved by the SAmj. This can be shown by acidu- 
lating with dilute hydrochlorid acid, when a yellow precipitate comes down — 
because yellow ammonic sulphide converts 8nS into 811S2 — consisting of the 
sulphides of As, Sb, Sn. 

This shows that we can dwide Qrowp II by mecms of a/mmomo 
sulphide f into two portions. 

The name sulphide^ in its widest sense, is given to all componnds 
into which snlphnr enters as the electronegative or chlorous element. 
A remarkable analogy is observable between oxides and sulphides. 
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There is a certain class of snlphides which resemble metallic oxides 
or bases ; another class which plays the part of oxy-acids. Snlphides 
are therefore divided into suVpho-hases and sulpho^cunds. To the 
latter belong the snlphides of H, As, Sn, Sb (Pt, An) ; to the former 
the snlphides of many metals, especially snch of the metals as con- 
Btitnta powerfiil bases (K, Na, Am, Ba, Ca, etc.) An electropositive 
or basylons element, which forms with oxygen an oxygen compound, 
combines generally also with the same number of snlphnr atoms, to 
form a corresponding sulphur compound, in which the sulphur is 
almost invariably a dyad. 

The resemblance in the constitution of these oxygen and sulphur 
compounds is further borne out by the analogy in their solubility 
and alkaline reaction. Thus we have — 



OK] Potansa, alkaline and soluble. 



II 



II 
II 



>i 



II 



II 



OAmj Ammonia 
ONaj Soda 
BaO Baryta 

CftO Lime „ „ 

VeO Ferrous oxide, no reaction, in- 
soluble. 
lO Zincic 



>} 



II 



Oxyanhydridet. 
1O3 ArscniouB anhydride. 



jOs Arsenic „ 

SbjOs Antimonious „ 
Sb^fO, Antimonio „ 
S11O3 Stannic 



II 



AsHog 

AaOHoa 

SbUo, 

SbOUo, 

SbOsHo 

SnHo4 



Oxy-acids, 

Arsenioufl add. 
Arsenic acid. 
Antimonious acid. 
Antimonic acid. 
Metantimonic acid. 
Stannic add. 



Sulph(hb(uet, 
ttS^ Potassic sulphide, alkaline and 



SAms Ammonio 
SNaa Sodic 
BaS Baric 
CaS Calcic 
FeS Ferrous 



Zincic 



soluble. 



II 



>} 



II 



II 



11 



11 



II 
II 
II 



no reaction, 
insoluble. 



i> 



Sulpho-ankydrides, 

JLb^z Arsenious sulphide, or sol- 

pharsenious anhydride. 
JLBSi Arsenic sulphide, or sulphar- 

senic anhydride. 
Sb2S3 Antimonious sulphide, orsul- 

phantimoniouB anhydride. 
SbsSs Antimonic sulphide, or sul- 

phantimonic anhydride. 
SnS] Stannic sulphide, or sulpho- 

stannic anhydride. 

Sulpho-acidt, 

AsHsg Sulpharsenious acid. 
AsSHss Sulpharsenio add. 
BbHss Sulphantimonious add. 
SbSHsg Suiphantimonic add. 
SbSjHs Sulphometantimonio add. 
81&B04 Sulphostannio add. 



Sulpho'salte are obtained by the mutual action of a sidpho-aGid 
and a sulpho-base upon each other. 

Sulphides soluble in water, comprising the sulphides of the 
alkalies and alkaline earthy metals, are divided into normal eulpJddea^ 
such as SK2, SAm2, SNai, 8aS; into suIphhydrcUes (acid sul- 
phides), such as S£^, SAmH, BaHs) ; and polysulphidea, such as 
S2H2, S6K2, S»Am2. The aqueous solutions of the normal and acid 
sulphides are colourless, and give off SHa when treated with dilate 
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hydrochloric acid, without separation of sulphur. Solutions of the 
polystilphides are yellow, or yellowish brown, and when treated 
with hydrochloric acid, give off snlphnretted hydrogen, with separa- 
tion of white (or precipitated) solphnr. The number of sulpho-salts 
is small compared with the salts of oxy-acids, and they are far less 
stable than ordinary oi^-salts. This arises from the lact that sul- 
phur is comparatively indifferent to chlorine, phosphorus, nitrogen, 
carbon, silicon — non-metallic elements which are endowed with a 
powerftd chemical affinity for oxygen, with which they form in the 
presence of water energetic oxy-acids — and that there are either 
no sulphides corresponding to the oxygen compounds of these ele- 
ments, or sulphides of a very indifferent nature. The number of 
sulpho-acids is principally restricted to the acids enumerated above, 
and these again combine mostly only with the soluble sulphides 
possessed of an alkaliiie reaction ; or, if combined with the sulphides 
of the heavy metals, as in certain minerals, they are readily decom- 
posed by chemical agencies. 

The following is a list of some of the more important sulpho-salts 
compared with the corresponding oxy-salts : — 

Oxy-saltt, Sulpho-saltt. 

SnNaoj Disodic stannite. SnNas^ Disulphosodio Bulphostannite* 

SnONaoj Diflodio stannate. SnSNass Disulphosodic sulphostannate- 

AsKos Tripotassic araeDite. AsKss Trisulpiiopotassic sulpharse- 

nite. 
AsONaos Trisodio arseniate. JLsSNass Trisulphosodic sulpbarseniate. 

SbOKo Potassio metantimonite. SbSKs Sulphopotassio metasulphanti- 

monite. 
SbOjKo Potaasio mctantimoniate. SbS^Es Sulphopotassio metasulphanti- 

moniate. 

In these sulphur compounds the radical Nas, sodinmsulphyl, occupies 
the place of the compound radical Nao, sodoxyl. In lilce manner 

Ks Potassiumsulphyl occupies the place of Ko Potassoxyl. 
Ams Ammoniumsulphyl „ Amo Ammonoxyl. 

Bas" Bariumsulphyl „ Bao" Baroxyl. 

Cas" Calciumsulphyl „ Cao" Calciumoxyl, 

in the analogous sulpho-salts. 

Instances of some interesting natural sulpho-salts, to be con- 
sidered more fully under silver and lead, are : — 

AsAgSs triBulpbargentio sulpharsenite (proutHte), 

SbAffSg trisulphargentio orthosulpbantimonite (pyrargyrite or dark red 

silver or^. 

Sb^''(CusFeS''s)s'' sulphooupioso ferrous pyrosulpbantiinomte (fahl ore), 
SbfPW's trisulphoplumbio ortbosulpbantimonite {boulangerite), 
Sb3Pbs''s(Cu]S ])'' disulphoplumbio sulphocuprous orthosulphantimonite 

{hourAonite). 

Sb^SsPhs'^Phs^'s trisulphoplumbic metasulpbantimonite* (Jamesomie), 

* This compound may also be viewed as SbsSsPbs" (sulphoplumbic metamil- 
phftntimonite) and Sb^Pbs^'s (sulphoplumbic pyrosulphantimonite). 



184 SUBDIVISIONS OF GROUP H. 

Treat another portion of the above SHs precipitate with NaHo or EHo and 
filter off. A black residue is likewiie left, and on adding dilate HOI to the 
filtrate, A83S3, SbjSs, SnS and Sl&S^ are reprecipitated. 

This shows that the hydrates of the alkaU mstals dissolve a por- 
tion of the sulphides precipitated by 8H2 in Group II. The fdUowing 
equations explain the action of the alkaline hydrates : — 

SihS, 4. GKHo = SbKs, + SbKo, + 30H,. 

Antimonious TriBulphopotassio Tripotassio 

folphide. sulphantimonite. antimonite. 

ASsS, + 4E:Ho =: AsHsKs, + AsHoKo, + OH,. 

AreeniouB Sulphhydric Hydric dipotaesio 

sulphide. disulphopotassio arsenite. 

ffulpharsenite. 



2SiiS + 4KHo = SnKsa + SnKo, + 20H,. 

Stannous Disulphopotassic Dipotassic 

sulphide. sulphostannite. stannite. 

28ilS, + 4NaHo = 8nS"Na8, + SnONao, + OH, + SH,, 

Stannic Disulpbosodic Disodio 

sulphide. sulphostannate. stannate. 

Addition of hydrochloric acid reprecipitates the snlphides, thus : — 

SbKs, + SbKo, + 6HC1 = SbzS, + 6KC1 + 30H,. 

Hence the metals which are precipitated by SH, in Group 11, 
can be subdivided by means of SAm, or NaHo into — 

A. Metals whose sulphides act a>s suIpho-haseSy viz., the sulphides 
of Hg, Pb, Bi, Ca and Cd. These are insoluble in ammonic 
sulphide (BgS dissolves to some extent in potassic or sodic 
sulphide ; CuS is somewhat soluble in ammonic sulphide). 

B. Metals whose sulphides act as sulpho^acids^ viz., the sulphides 
of As, Sb, Sn (Au, Pt). 

Group II. Subdivision A. 

1. MERCURY. Hg''. — Occurs native, but is chiefly obtained 
firom dwnahar or mercuric sulphide, BgS. 

EXAMINATION IN THE DRY WAT. 

Add a little finely-dirided lead or zinc to a few elobules of mercury on a 
watch-glass. The liquid metal mercury booomes thi(£ and pastj bj the com- 
bination with the solid metal lead or zinc. It enters into combination with the 
lead, in the cold, to form an amalgam. Other metals combine with mercury only 
when heated. 

The term amalgam is applied to the combinations into which 
mercury enters with other metals. Combinations between metals, 
other than mercury, are called alloys. This property of mercury 
has received an important application in the extraction of gold 



MERCURY. 185 

and silver firom poor ores by the so-called amalgamation process. 
Mercnry can be separated again by distillation, gold and silver being 
left behind. 

The combination of the metal mercury with other metals is 
obviously due to its liquid condition at the ordinary temperature, 
which facilitates its being brought into intimate contact with other 
metals. This contact action is materially increased, if the solid 
metals are oflfered to the mercury in a finely-divided condition, or in 
the form of foil — an amalgam of 4 parts of tin and 1 part of mercury 
is employed for covering looking-glasses — and by rubbing the two 
metals together in a mortar. 

Heat some cinnabtxr in a small flask with narrow neck, loosely closed with a 
piece of charcoal. SgpS suhlimes without undergoing any chemical change. 

Heat a little cinnabar in a piece of glass tube open at both ends, and allow a 
current of air to pass over it. Hg is seen to condense in the form of a metallic 
mirror towards the further end of the tube, and SOj makes itself perceptible by 
its odour. 

Heat about two parts of yellow mercuric oxide, SflT^i ^^^ one part of mercuric 
sulphide, SgT^, in a test tube. Metallic mercury sublimes and sulphurous 
anhydride is given ofi*, according to the equation : — 

BgrS + 2BgO » Hgs + SO3. 

Introduce some cinnabar into a small tubulated retort connected with a two- 
necked receiver and gas delivery-tube, and pass through the tubulusof the retort 
a current of air or oxygen from a gas-holder, and heat gently. A blue flame 
playing over the SgpS indicates that combustion takes place. Mercury distils and 
condenses partly in the neck of the retort and partly in the receiver. Sulphurous 
anhydride issues from the delivery-tube and is readily recognized by its pungent 
odour ; or it may be passed into water and the solution tested with litmus-paper. 

This illustrates the mode of extraction of mercury from its 
principal ore. Cinnabar is roasted in a reverberatory furnace, and 
proper provision is made for the condensation of the vapour of 
mercury in chambers and flues. The sulphurous anhydride is 
allowed to escape. 

BgS (as well as SAg2, ^11283, PtS2) parts with its sulphur 
when roasted in the air, and yields the metal : it is in fact reduced to 
the metallic state hy oxygen, owing to the weak affinity which exists 
between the metal mercury and the non-metal sulphur, and owing 
likewise to its weak affinity for oxygen, on account of which the 
BgO (and OAg2) first formed gives up its oxygen again to a fresh 
quantity of BgS (or SAg2). 

Hydrogen and carbon, copper, tin, zinc, etc., reduce BgS at a 
high temperature, forming with the sulphur SH2, CS2 (carbonic 
disulphide), CuS, etc. The native BgS is, however, best reduced 
by the action of strong bases, such as lime or soda. 

Mix a little cinnabar with dry CONaoj, and heat in a little tube, sealed up 
at one end, or blown into a small bulb. Metallic mercury sublimes and forms a 
mirror in the cold part of the tube ; the sulphur is fixed by the alkali metaL 

REACTIONS IN THE WET WAY. 

Mercury forms two series of salts : mercarous and merenrie salts. 
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It dissolves readily in nitric acid, even in the cold ; forming mer* 
cnrons nitrate, if the mercury be in excess, and mercuric nitrate, if 
the acid be in excess. These salts have the composition : — 

Jgpig^" and Jg;Hgo" 

MercurouB Merourio 

nitrate. nitrate. 

Mercnrons salts contain BgaO ; mercuric salts, BgO. 

Mercurous oxide. Mercuric oxide. 

The oxygen atom being in the one case linked to two atoms of 

the dyad mercury, thus < — ~ ^O, the mercury atoms being held 

together by one of their bonds as well as by the bonds of the oxygen 
atom ; in the other to one atom, thus : Bg=0. 

Mercurous oxide exhibits a tendency to combine with another 
atom of oxygen, or when exposed to heat, to part with one atom of 
mercury and to become converted into mercuric oxide. Hence we 
possess in mercurous salts powerful reducing agents. 

On account of the insoluble chloride which mercurous salts form, 
we shall consider its reactions in connection with the reactions for 
silver and lead in Group I. 

In order to study the reactions of mercuric salts, we can either 

employ A SOLUTION of MERCUBIC NITBATE, jjrQ^^go'\ OT MEBCURIC CHLO- 

BIDE, BspClz (corrosive sublimate). 

SH2 (vr«ap-re«seiit) added to BgCla gives a bUick precipitate 
of mercuric sulphide, BgS. The precipitation is marked by char 
racteristic changes of colour. Accordingly as sulphuretted hycfrogen 
water is added in small quantities, or the gas passed slowly through 
the solution, it produces at first a perfectly white precipitate, and on 
the addition of more SHt, a yellow precipitate which passes through 
dirty yellow to brotvn and becomes buick only when excess of SHs 
has been added to the mercuric salt. The white, yellow or brown 
precipitate consists of varjdng quantities of BgS and Bc^ls. It 

fHRCl 
may be represented by the formula < S" (dlmerciuic ndplMdlb 

iHgCl 

cld«ride). BgS is insoluble in nitric or hydrochloric acid and in 
ammonic sulphide, potassic hydrate or potassic cyanide; soluble, 
however, in aqua regia and in potassic or sodic sulphide, in presence 
of sodic hydrate. 

SAms gives the same precipitate. 

NaHo or KHo added, in excess produces a yellow precipitate of 
mercuric •xlde, BgO, insoluble in excess, unless the mercuric solu- 
tion contains much free acid. 

AmHo produces a white precipitate of mercuric salt and 
ramldc, known as the ^^ white precipitate.^* 
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HgCl, = 2(lfH,Hg"Cl). 

Mercurammonic 
chloride. 

CONaO} or COKos gives a reddish hrown basic precipitate. 

KI gives a bright red precipitate of mercnrie Iodide, Elgl29 
solnble either in excess of potassic iodide or of the merctiric salt. 
Bgis as well as BgClj sublime unchanged. 

KCy gives with mercuric nitrate (not the chloride) a white pre- 
cipitate of mercuric cyanide, Elg^y2, soluble in excess ; not decom- 
posed by boiling with alkalies or alkaline carbonates, but only by 
SHa. 

Mercuric salts are readily reduced to mercurous salts : — 

SnCU (stannoas chlarlde) gives with mercuric salts a white 
precipitate of mercnroas chloride, BgsCU, which when boiled with 
excess of the reagent, is reduced to grey metallic mercury. Onpouring 
off the solution and boiling the grey precipitate with HCl, the 
mercury is obtained in little globules. 

SOsFeo" (ferroiu sulpiuue) reduces zIq Hgo", but not BgCls, 

to the metallic state. 

Cu, Zn, Fe precipitate metallic mercury from mercuric solutions, 
provided they are not too acid. 

Mercuric salts act the part of (xtidizvng agents : they are first re- 
duced to mercurous salts, and finally to metallic mercury. 

QUESTIONS AND EXERCISES. 

1. What IB undentood by the terms tulpho-b(U€, sulpho'oeid, sulpho-teUi t 

2. Define normal sHlphiaes, sulphhydrates, and poljsulphidea, and state how 

they can be distinguished by treatment with HCl. 
8. Give instances of sulpho-salts together with the corresponding oxy-salts. 
4. Write out the ^phio formuls of a few sulpho-salts and of the minerals 

baulcmgeriie, jame9onite,/ahl ore. 
6. Which metals form sulphides capable of acting as sulpho-acids, and which 

form basylous sulphides P 

6. Write out tne formule, both symbolic and graphic, for the persulphides of 

the metals K, Na, Ba, Ca, Fe. 

7. What changes take place when the sulphides of As, Sb, and Sn are boiled, 

1st, with SAm,, 2nd, with NaHo P Express the changes by equations. 

8. GKre the graphic formiile of cinnabar, dimercurio sulpho-dichloride, of tokite 

precipUaie and of mercuric nitrate. 

9. Write out the symbolic equations for the reactions which mercuric nitrate 

gires with the group and special reagents. 

10. Calculate the percentage composition of white precipitate. 

11. How much metallic oopper will hare to be dissolred, in order to precip|||te 

2 grms. of Hg from a solution of mercuric chloride ? 

12. Explain why the dyad condition appertains to one atom of mercury and to 

the double atom. Q-ire proofs of the atomicity of mercury in mercurous 
and mercuric compounds. 

13. How is corriktive tibUmate manufiEtctured, and whence* does it derire its 

nameP 



188 LEAD. BISMUTH. 

14. 1'5 grm. of HgpCls is precipitated as HgpS and collected on a weighed 

filter. How much by weight of SflT^ should there be obtained ? 

15. Cinnabar is sometimes found adulterated with red lead, red oxide of iron, 

brick-dust. State how you would discover the adulteration. (No sepa- 
ration of the impurities from each other is required.) 

16. What reaction takes place when mercury is acted upon by concentrated sul- 

phuric acid ? and by what consecutiye stages is the product of this reac- 
tion converted into white precipitate ? 

17. How much metallic merciuy will 100 lbs. of cinnabar yield when distilled 

with lime P 

18. What is the percentage composition of an amalgam containing Sn4Hg ? 



2. LEAD, Pb" and «^— Only a slight precipitate of PbS is for 
the most part obtained in Group II, since the greater part of the lead 
is removed in Group I as VbCU. It happens frequently that this 
small quantity of lead is not precipitated by SH3, on account of the 
solution being too acid (HCl) or too concentrated, in which case a 
little lead is found in Group III, and is often mistaken for some 
other metal. It is necessary therefore to dilute a portion of the 
filtrate from Group II considerably and to pass a current of SHa 
through, in order to make sure of the presence of lead, especially so, 
when lead has been discovered in Group I ; and, if a precipitate be 
obtained, to pass the gas once more through the whole of the filtrate, 
after having diluted it considerably with distilled water. 



3. BISMUTH, Bi'" and\ —This metal is principally found native; 
also in combination with oxygen and sulphur, as bismuth ochre, BiaOs, 
from the decomposition of bismuth glance, BlaSs, and in the form of 
Bulpho-salts, as kobeUite, 8l2Pbs"s (trisulphoplumbic orthosulpho- 
bismuthite), and as needle ore, 8l2Pbs"3 ('Cu'aSj)" disulphoplum- 
bico-cuprous orthosulpho-bismuthite. 

EXAMINATION IN THE DEY WAY. 

The metal bismuth fuses with ease, both in the reducing and 
oxidizing flame of the blowpipe, covering the charcoal with an 
incrustation of oxide, orange yeUow, whih hot, lemon yellow, when 
cold, passing at the edg^es into a blnlsb wblte. The incrustation can 
be driven from place to place by either flame, without colouring 
the outer flame. (Distinction from Lead). Heated with borax or 
microcosmic salt, BiaOa gives beads which are yellounsh, when hot, 
and colourless, when cold. All bismuth compounds can be reduced 
to the metallic state by heating on charcotd with CONaoa, in the 
inner or reducing flame. The metallic bead is brittle. (Distinction 
FROM Lead and Silver beads). The incrustation is yellow. 

examination in the wet way. 

Bismuth dissolves readily in nitric acid, forming STjOeBio 
solution of this salt is conveniently employed. 



tn 
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SH2 (vr«ap-reasent) gives a hrormdsh black precipitate of 
blsmutbous snlplilde, BizSs, insolnble in alkalies and in alkaline 
snlphides ; soluble in concentrated nitric acid. 

Alkaline sulphides give the same precipitate. 

KHo, NaHo, and AmHo produce a white precipitate of bls- 
mutbous bydnite, BiHos, insoluble in excess ; on boiling it turns 
yellow, I.e., it becomes anhydrous (81203). 

COAmo2 or CONao2 throws down a white bulky precipitate of 
basle carbonate (bismuthylic carbonate)^ CO (Bi02)'2, graphic 
formula : — = Bi— — — O — Bi = 0, in which the compound 



{ 



O 
radical blsmutbyl, BiO, acts the part of H in Ho. The precipitate 
is insoluble in excess. 

Cr205Ko2 gives a yellow precipitate of basle cbromato 
Cr02(Bi02)' 

readily soluble in dilute nitric acid, insoluble in 

Cr02(Bi02)' 
potassic hydrate. (Distinction from plumbic chromate.) 
SO2H02 gives no precipitate. (Distinction from Lead.) 

KI produces a brown precipitate of blsmutbous Iodide, BI2I3, soluble in 
excess. 

KCj produces a wMte precipitate, insoluble in excess, soluble in acids. 

Bismuthous salts are partially decomposed by water, a basic salt 
being precipitated. The addition of free acid redissolves the preci- 
pitate. This constitutes the most characteristic reaction for bis- 
muthous salts. The salt most readily precipitated is the chloride 
(BiCls). It can be prepared from the nitrate by precipitating the 
oxide first, and then filtering and dissolving the precipitate off the 
filter with dilute hydrochloric acid. Excess of acid should be 
avoided. 

OH2 gives with 8IOI3 a white precipitate of blsmutbous oxyeblo- 
ride, 81001, which is almost absolutely insoluble in water, but 
soluble in hydrochloric acid, from which it is reprecipitated on the 
addition of ammonic or sodic chloride. 81001 is insoluble in 
tartaric acid. (Distinction from Antimony.) 

Metallic zinc precipitates bismuth from its salts. 

Bismuthous salts exhibit a tendency to form basic salts, 
showing that 81203 is a very indifferent and weak base. 

There are several other oxides known, e.^., blsmutble oxide 
or anbydrlde, 81206, which parts readily with two atoms of oxygen, 
when acted upon by heat or reducing agents. 

QUESTIONS AND EXERCISES. 

1. How can Bi be separated from Ag, Pb, or Hg ? 

2. Express in symbolic equations the reactions which a bismuthous salt giyes 

with different reagents in the wet way. 

3. Q-iye the graphic formal® for bismuthous nitrate, bismuthous oxide, hiamutk 

glance, bismuthous oxychloride. 
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4. Calculate the percentage composition of an alloy of 

1 atom of Pb| 
1 atom of Sn, and 
3 atoms of BL 

5. 1*245 srm. of BI2O3 are obtained firom 10 c.c. of a solution of normal bis- 

mutnous nitrate. How much metallic bismuth does a litre of the bismuth 
solution contain ? 



4. COPPER, Cu". — This metal is found native ; also in combi- 
nation with OXYGEN and sulphur, as red copper ore or ruby ore, Cll20, 
as vitreous copper or copper glance, CU2S, and indigo copper or hhie 

copper, CuS ; more frequently as copper pyrites < jiZo (CujSa)", 

(diferric cuprous tetrasulphide), and variegated copper or horseflesh 

•i (Cu2S2)"3, (diferric tricuprous hexasulphide) ; also as 

fahl ore, boumonite, etc. ; in combination with carbonic acid, as basic 
carbonate, malachite, CO (OCuHo)'2, and azurite, mountain blue, op 

copper azv/re, c fJor)uo"^°°" ' ^^ sulphuric acid, as blue vitriolj 

802Cuo",5OH2; with phosphoric acid, as jp^o«pAorocaio£^, lihethenite; 
with ARSENious ACID, as tettnantite ; silicic acid, as dioptase, and 
others. 

examination in the dry way. 

Copper minerals form a very numerous class of ores ; and as 
many of them exhibit precisely similar blowpipe reactions, a know- 
ledge of their physical character is indispensable to enable the 
student to distinguish readily between them. It is advisable to 
examine the doubtful ores in the wet way also. 

The most characteristic reaction in the dry way is that which 
copper compounds give, when heated in a bead of borax or micro- 
cosmic salt before the blowpipe flame. The bead is si'een whilsi 
hot, blue on cooling, (Comp. Exp. 89.) Most copper compounds, 
when heated on platinum wire in the inner flame, impart an 
Intense yreen colour to the outer flame. All copper compounds 
are reduced when heated in the inner flame on chiircoal, together 
with CONao2 and KCy, yielding red metallic scales. Sulphides 
give ofl* SO2, when roasted in an open tube, and leave CuO behind. 
Malachite or azurite gives off water and carbonic anhydride when 
gently heated in a tube. Blue vitriol loses water, sulphurous anhy- 
dride and oxygen, and leaves cupric oxide. Cupric phosphate, 
arseniate, and silicate fuse to coloured glasses. 

Metallic copper is not affected in the dry air at the ordinary temperature, 
but is readily oxidized when heated in air or oxygen (comp. Exp. 16) and oonrerted 
into black cupric oxide. Hydrochloric acid dissolves copper but slightly, forming 
CUjCls ; nitric acid is the most actiye solvent for copper (as it is for Ag, Hg, Pd 
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and Bi), forming enpric nitrate (comp. Exp. 67). Sulphuric acid (concentrated) 
dissolves copper, on heating, with evolution of SOs, and formation of SO3CUO 
(ocnnp. Exp. 64). 

SOsHos acts here the part of an oxidixing asent. This method of preparing 
sulphurous anhydride gas is frequent^ employed in the laboratory in preference 
to other methods. 

EXAMINATION IN THE WET WAY. 
A SOLUTION OP CUPEIC SULPHATE, SOaCuo", OE CUPEIC NITEATE, 

wn Cuo", may conveniently be employed. 

SHs (sr«ap-reasent) gives a hrowniah black precipitate of enprie 
sulphide, CuS, insolable in dilnte snlphnric or hydrochloric acid ; 
•slightly soluble in ammonic sulphide ; soluble with decomposition in 
nitric acid ; completely soluble in potassic cyanide ; insoluble in 
Bodic sulphide or caustic alkalies. CuS is rapidly oxidized to 
SO2CU0" by exposure to the air ; it is insoluble in hot dilute sul- 
phuric acid. 

SAms produces the same precipitate, somewhat soluble in excess, 
especially in yellow ammonic sulphide (S»Am2). 

NaHo or ElHo gives a light blue precipitate of cuprlc bydrate, 
CuHo2. The precipitate turns black on boiling and becomes denser. 
Three molecules of C11H02 lose two molecules of OH2 and leave 
3CuO,OH2 (graphic formulaH-0-C.u-O-Cu-O-Cu-O-H). 
In the presence of many organic substances, such as grape sugar, 
etc., the precipitate dissolves to a deep blue solution, whence the 
whole of the copper is reprecipitated on boiling, in the form of bright 
red enproua oxide, CU20. 

C0Nao2 produces a greenish bhie bmale carbonate, of the com- 
position CO (OCu" Ho)'2, graphic formula 0=c/qI^^IqI;2, 

carbonic anhydride being evolved. This precipitate is converted on 
boiling into the black precipitate of SCuO, OHs. It is soluble in 
ammonic hydrate to an azure blue and in potassic cyanide to a colour- 
less fliud mrming a soluble double cyanide. 

AmHo or COAmOa when added in small quantities, produces a 
greenish blus precipitate of a baale salt, which dissolves readily in 
excess of the reagents, and forms a magnificent azure bhte liquid, — a 
blue which is perceptible, if a solution contains small traces of copper 
only. The blue solution contains a double compound of eaprammonlo 
/H, \ 

I H 
bydrate, If J tj' H02, and ammonle snlpbate, or ammonio-cuprio 

\Cu" / 
sxdphate, symbolic formula, SHozAmoa -MTT'C^Oa \\ whence the 

black cupric oxide separates on boiling with.^odic hydrate. 

This tendency of ammonia to combine with cupric hydrate and to 
form cuprammonic hydrate induces metallic copper to combine with 
oxygen even at the ordinary temperature (comp. Exp. 100). 
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KCy gives a greenish yellow precipitate of eaprlc cyanide, CuCya, 
soluble in excess. 8H2 prodnces no precipitate from this solution. 

B^^FeCye gives a reddish brown precipitate of eaprlc ferrocyaiilde, 
CuaFeCye, insoluble in dilute acids, decomposed by potassic or sodic 
hydrate, with separation of SCuO, OHj. Even in very dilute solu- 
tions of copper salts a brownish colour is produced, — best seen when 
the reaction is performed on a watch glass, placed on a sheet of 
white paper or in a little porcelain dish. Hence KiFeCye supplies 
one of the most delicate reactions for copper salts. 

Metallic zinc or iron precipitates metallic copper, especially in 
the presence of a little free hydrochloric acid. If a few drops of a 
slightly acidulated dilute copper solution are placed on platinum foil 
(the lid of a platinum crucible), together with a small piece of sheet 
zinc, the platinum becomes rapidly coated with a reddish film of 
metallic copper, visible even in the case of very dilute solutions, an 
equivalent quantity of the metal zinc being dissolved. 

This simple experiment requires some explanation. Bright copper, as we 
have already seen, is not attacked bj dilute hydrochloric or sulphuric acid. 
Metals such as Pb, Hg, Ag, Au, Pt are also indifferent to dilute hydrochloric or 
sulphuric acid, whilst zinc and iron are readily dissolved with OTolution of 
hydrogen, the metals taking the place of the hydrogen in two molecules of hydro* 
cnlorio acid. 

By the aid of Toltaic electricity, however, we are enabled to dissolve 
metals in dilute hydrochloric or sulphuric acid, which are either not dissolved at 
all, such as copper, or dissolve only with difficulty, such as the metal tin. ThiB 
is done by connecting the positive pole of a voltaic battery with a piece of the 
metal to be dissolved, and the negative pole with a platinum wire ending in a 
piece of platinum foil. Both electrodes dip into the dilute hydrochloric or 
sulphuric acid solutions. 

Connect the positive pole, a, with a piece of sheet copper or a coil of copper 
wire, placed in dilute sulphuric acid, contained in a glass basin, as seen in Fie. 76. 

The negative pole h, consisting of a platinum 
wire fused to a strip of platinum foil, dips like- 
wise into the dilute acid, without touching, 
however, the copper. The solution turns blue, 
owing to the formation of a blue cupric salt, 
and the sheet of metallic copper or the copper 
Yxo. 76. 'vvire dissolves after some time. Hydrogen 14 

evolved at the negative pole. 
This shows that the action of dilute acids upon copper which is nil at the 
ordinary temperature is very energetic when we call voltaic electricity to oup 

aid. 

The reaction will be readily understood, if it be remembered what took place 
when water was decomposed by voltaic electricity in Exp. 29. Hydrogen was 
obtained at the negative and oxygon at the positive electrode, because tne latter con- 
sisted likewise of platinum, a metal which has no affinity for oxygen. Hence both 
constituents of water, hydrogen and oxygen, were evolved at the respective poles* 
Now, if instead of water, hydrochloric acid be decomposed in like manner, 
chlorine b evolved at the positive electrode. If the positive electrode consist, 
however, of a metal, such as Zn, Cu, Fe, for which chlorine possesses a strong 
affinity, the latter combines with these metals, the moment it is liberated on the 
positive electrode, or as it is termed in its nascent state (m ttatu nascendi), and 
hydrogen alone is evolved at the negative pole. 

If in the place of hydrochloric or sulphuric acid, we employ a dilute solution 
of a metallic chloride or sulphate, ex. gr. cupric sulphate, SOjCuo'^ and dip the 
two electrodes into it, we observe at the negative (or platinum) electrode instan- 
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taneouslj a t^d film or deposit of meiallio copper, whilst at the positive (or zinc) 
electrode, no evolution of gas is visible, since the metallio zinc is acted upon by 
the acid liberated from the copper, and is converted thereby into S02Zno'. 
An equivalent quantity (65 parts by weight) of zinc remains dissolved in the acid 
for the 63*5 parts by weight of copper, precipitated on the platinum foil or 
crucible-lid. In this manner the amount of copper present in a solution may be 
determined quantitatively. The undissolved zinc and zincic salt are removed and 
the platinum with its deposit of copper dried and weighed. The total weight, 
minus the previous weight of the platinimi, gives the weight of the metallio 
copper. 

It will be readily perceived that this and other similar experi- 
ments fximish valuable iUustrations of the atomic theory, and they 
acquire on this account additional interest. 

Great interest attaches, moreover, to these chemical changes, on 
account of the important practical application which they have 
found, of late, in covering metals — mostly the common metals — 
with a thin coating of noble metals (electroplating, silvering, 
platinizing), or in producing solid metallic deposits on properly 
prepared matrices, generally consisting of some plastic material, such 
as plaster of Paris, gutta-percha, etc. (electrotype process) . 

Pass a voltaic current through a solution of cupric chloride, C11CI3, by means 
of copper electrodes. No chlorine gas is evolved at the positive pole, for it is 
immediately again fixed by its dissolving an equivalent quantity of copper ofi* the 
positive copper electrode. The movement of the molecules of chlorine and copper 
in the solution of cupric chloride cannot be perceived ; it is nevertheless proved by 
the decrease in weight of the positive copper electrode and the increase m weight 
of the negative copper electrode, and we mfer from this that the copper is truis- 
ferred from the positive to the negative pole, although we cannot see the change. 
The deposition of metaUic copper continues, as long as the positive electrode lasts ; 
and the saline solution in the decomposing vessel retains its original strength thus 
far unaltered. 

If a properly prepared mould or matrix of some object be hung in the metallio 
solution and connected witli the negative pole of a voltaic battery, copper will 
be slowly but steadily dc^sited on the mould, as long as the positive pole is con- 
nected with a sheet of copper, acting as the positive electrode in the bath. The 
copper thus precipitated is immediately restored to the bath by the dissolution 
of a fresh quantity of copper. This mode of depositing copper on moulds or 
matrices by the aid of voltaic electricity is termed the electrotype process. 

Employ a solution of argentic nitrate instead of the iblution of cupric chloride, 
and introduce the two copper electrodes into the bath. The negative electrode 
is speedily covered with silver, and an equivalent quantity of copper, i.e.y 63'5 
parts by weight, is dissolved from the positive copper electrode, and 216 parts 
by weight of silver (2 x 108, silver being a monad element) are deposited on the 
negative copper electrode ; and it results from this, that in the place of the silver 
solution, there must ultimately be left a solution of cupric nitrate. This has 
found a practical application in the tU/vering (electro-plating) of artistic articles 
made of an inferior metal. 

Copper, like mercury, forms a lower oodde^ C1I3O, in which two 
atoms of Cu are joined by one of their bonds, and are also linked to 
one atom of oxygen ; it is analogous in constitution to the important 
copper ore, CmS, thus : — 

Mercurous oxide. Cuprous oxide Cuprous sulphide. 

(red copper ore) . {copper glance) . 



O 
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Onprons oxide is a feeble base ; it forms with oonoentrated 
hydrochloric acid cnprons chloride, C1I2GI2, which is colourless 
when pure. Other acids decompose it into metallic copper and 
cupric oxide, which latter remains dissolved in the acid as a cnpric 
salt. Cuprous chloride attracts oxygen very rapidly, and is, there- 
fore, a powerful reducing agent. 

To A SOLUTION OF CUPROUS CHLORIDE, CU2CI2, in Concentrated 
hydrochloric acid, add — 

OH2, a white precipitate of Cll2Cl2 is produced. 

KHo gives a yellow precipitate of cuprout bydmte, C1I2H02, in- 
soluble in excess ; it attracts oxygen very rapidly, being converted 
into cupric hydrate. 

KI, in the presence of SOH02, or 802Feo", precipitates from 
cupric salts greenish white cuproiu Iodide, C1I2I21 soluble in excess. 
Both sulphurous acid and ferrous sulphate are reducing agents, 
which, by the absorption of oxygen from the cupric salt, are con- 
verted into SO2H02 and S806Fe20^, thus : — 



(1) 28O2CU0" + 2S02Feo" = 8O2CU20" + SsO^FejO^. 

Cupric Cuprous 

Bulpnate. sulphate. 



(2) 8O2CU20" + 2KI = CU2I, + 80,Ko2. 

Cuprous 



UiiprouE 
iodide. 



QUESTIONS AND EXERCISES. 

1. Show why copper is a dyad element. 

2. Express in symbolic equations the reactions of copper in the wet way. 

8. Write out the graphic formulae for malcuihUe, copper glance^ azurUe^ and blue 
vitrioli ammonio -cupric sulphate, cuprous iodide. 

4. Explain what takes place — 

1st. When copper is treated with concentrated lff02Ho. 
2nd. „ „ „ SOjHo}. 

3rd. „ „ „ HCl. 

Giye equations. * 

5. Q-iye instances of the oxidizing action of cupric salts. 

6. What action takes place when the polished blade of a knife is plunged into a 

solution of a cupric salt ? 

7. How much metallic zinc is required to precipitate 1'5 grm. of copper firom a 

cupric solution P 

8. A sample of iron pyrites which has been used for manufEicturingsulphurio 

acid is found on analysis to contain 4*56 per cent, of copper. How much 
metallic iron is required to precipitate the copper from a hydrochloric acid 
solution of a ton of the spent pyrites P 

9. Explain the electrotype process. 

10. What is understood by nascent hjdrogen ? 

11. What is the percentage of metallic copper in malachUe ? 

12. How is Cu separated from Ag and Pb ? 

13. How can copper in CuS be separated from bismuth in BI3S2 ? 

14. What change takes place when metallic copper is heated in air ? 

15. How much hydrogen gas (at 0^ and 760 mm. pressure) is required to 

deprire 10 grms. of ignited cupric oxide of its oxygen, and how much 
water will be obtained ? 
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5. CADMIUM, Gd". — This metal is found in nature associated 
with zinc, in certain zinc ores, e.gp., zinc hlendey ZnS. It is of com- 
parativelj rare occurrence : only one mineral of cadmium being known 
at present, viz., the extremely rare greenochite, CdS. It can be 
distilled like mercury or zinc. Being more volatile than metallic 
zinc, its vapour distils over first, and bums with a brown flame 
(brown blaze), i.e., it is converted into cadmic oxide, CdO. 

Cadmium dissolves readily in acids with evolution of hydrogen. 
It also resembles the metsd zinc in being dissolved by boiling 
potassic hydrate, hydrogen being given off — 

Cd + 2E:So = CdKoj + Ha. 

EXAMINATION IN THE DRY WAY. 

Cadmium compounds, when heated on charcoal in the inner 
flame, mixed with sodic carbonate, give a characteristic brown in- 
crustation, i.e., they are readily reduced to the metallic state ; the 
metal being highly volatile, is reoxidized on its passage through the 
outer flame. Cadmium is recognized with more diflfi-calty, when it 
is in combination with zinc, as for instance in cadimferous blende. 
By heating, however, a mixture of blende and sodic carbonate and 
potassic cyanide, for a few moments only, on charcoal, a slight 
brown incinistation is generally obtainable, before the zinc is volati- 
lized. CdO turns the bead of borax or microcosmic salt yellowish, 
whilst hot, colourless when cold. 

EEACTIONS IN THE WET WAY. 

We employ A solution op cadmic chloride, CdClj, or sulphate, 
SO.Cdo". 

SHa (vrwup-reasent) gives from dilute solutions a fine yellow 
precipitate of cadmic sulphide, CdS, insoluble in alkaline sulphides, 
caustic alkaUes, or potassic cyanide ; insoluble in cold, but soluble 
in hot dilute nitric and hydrochloric acids ; soluble also in dilute 
sulphuric acid. (Distinction from Copper.) 

SAma, same predpitate. 

KHo, a white precipitate of cadmic bydratc, CdHoa, insoluble 
in excess. 

AmHo, same precipitate, soluble in excess. 

COAmoa (free from AmHo), a white precipitate of cadmic car- 
bonate, COCdo", insoluble in excess. 

CONaoa, same precipitate. 

KCy gives a white precipitate of cadmic cyanide, CdCya, soluble 
in excess. Sulphuretted hydrogen precipitates from this solution 
CdS. (Distinction from Copper.) 

Metallic zinc precipitates cadmium from its solutions. 

QUESTIONS AND EXERCISES. 

1. Describe three methods of separation of Cd firom Cu. 

2. How is Cd separated from Zn ? 

3. How is Cd separated from Pb, Ag and Bi ? 

2 
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4. How much cadmic sulphide can be prepared from 10 grms. of cryBtallised 

cadmic sulphate, SOsCdo^ 40H, ? 

5. What takes phioe when greenockUe is roasted in a glass tube open at both 

ends ? 

6. How is the metal cadmium converted 1** into oxide, 2^ into chloride, 8^ into 

sulphate ? 

7. How can we extract cadmium from its oxide or sulphide ? 

8. Tou are requested to convert 10 grms. of cadmio sulphate into cadmic bromide ; 

how would you proceed, and now much CdBrj should there be obtained P 

Separation op the metals op Subdivision A, Geoup II, viz., 

MERCURY, LEAD, BISMUTH, COPPER, CADMIUM, WHOSE SULPHIDES ARE 
INSOLUBLE IN AMMONIC SULPHIDE OR SODIC HTDRATE. 

The precipitate prodnced by the group-reagent SH3, which is 
insolable in amnionic sulphide or sodic hydrate, may consist of all 
the five sulphides, or only of one, two, etc. A precipitate of a bnght 
yellow colour, e.g., would be indicative of cadmic sulphide only. K 
the precipitate be black, it is necessary to examine for all the five 
metals. 

We have already seen that the sulphides of the metals of this 
subdivision are — 

I'' insoluble in alkalies and alkaline sulphides, and 

2° insoluble in dilute acids, or nearly so ; but soluble in concen- 
trated acids. 

Concentrated nitric acid dissolves four out of the five sulphides, 
viz., 7bS, 81283, CuS, and CdS, with separation of sulphur ; mer- 
curic sulphide being soluble only in aqua regia. Hence by boiling 
with concentrated nitric acid (in the absence of HCl), we can sepa- 
rate mercury from the other metals of subdivision A. We have 
also seen that concentrated nitric acid converts VbS partially into 
S02Pbo", by the simultaneous oxidation of the sulphur. We should, 
therefore, obtain in the residue BgS, as well as S03JPbo" and sulphur. 
But as the whole of the 7bS can only be converted into SOsPbo", 
by boiling with fuming nitric acid, and as SOaPbo" is slightly soluble 
in concentrated nitric acid, we should not succeed in removing the 
lead entirely as sulphate. This difficulty is overcome by boiling the 
whole of tne sulphides with moderately concentrated nitric acid, 
then diluting with water and adding dilute sulphuric acid (SOaPbo" 
being less soluble in dilute sulphuric acid than in water), and lastly, 
when cold, adding to the solution its own bulk of alcohol (methy- 
lated spirit). A residue is left which may be white, indicative of the 
Presence of S02Pbo", or black, from the presence of BgS and sulphur, 
'he solution contains the metals Bi, Cu, Cd. 

Examination of the Residue. — SOjPbo" dissolves readily in 
certain salts, such as ammonic acetate or tartrate. By treating 
the residue, therefore, with a concentrated solution of ammonio 
acetate, we are able to dissolve out the SOjPbo". The absence 
of mercury compounds may be inferred, if no black but only 
a yellow residue of sulphur, is left, and if no mercury has been 
indicated by the reactions in the dry way. The presence of both 
lead and mercury should, however, invariably be confirmed by 
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special tests ; viz., the lead by means of CrOsKo2, and the mercury, 
by heating the dry residue in a bulb tube with dry sodic car- 
bonate. 

Examination op the Solution. — We have seen that AmHo 
precipitates BiHos, which is insoluble in excess, whilst CaHo3 and 
CdHoa are likewise precipitated, but are soluble in excess. If a 
white precipitate be obtained on adding AmHo, we infer that bis- 
muth is present. (Should the lead not have been removed entirely, 
some PbHoa would be likewise precipitated.) The precipitate is 
filtered off and well washed, then redissolved in a little hydro- 
chloric acid, and precipitated by the addition of water. The ammo- 
niacal filtrate is of a fine azure hlwa colour, when copper is present. 
If colourless, and if, by the addition of SH2 a fine yellow pre- 
cipitate comes down, we infer that no copper is present, but only 
cadmium. K a black precipitate comes down, on passing the gas 
through the slightly acidulated (HCl) solution, we infer the presence 
of copper and possibly of cadmium. These two metals can be sepa- 
rated either by means of KCy,(CdS being insoluble in potassic cyanide), 
or dilute sulphuric acid (CuS being insoluble in hot dilute sulphuric 
acid). Filter again ; in the one case copper is left in solution, in the 
other cadmium. It is not difficult to identify these two metals by 
special tests. 

The separation of the metals mercury, lead, bismuth, copper and 
cadmium, is therefore based upon : — 

1°. The insolubility of BgS in nitric add. 

2°. The formation of S02Pbo", and its sohMUty in am/monic 
acetate, 

3°. The insohibility of BiHos in excess of a/nvmonic hydrate. 

4°.' The insolubility of CuS in dilute sidphuric add, or its solvhility 
in potassic cyanide. 

A tabular scheme for their separation is given in the Analytical 
Tables, Table II. 

PRACTICAL EXERCISES AND QUESTIONS ON GROUP II, SUB- 
DIVISION A, AND THE PREVIOUS GROUPS. 

You are requested to analyze — 

1. A sample of ffctlena, in the dry way only. 

2. A hydrochloric acid solution, containing much mercuric and little plumhio 

doloride. 
8. A mixture of the solid salts, blue Titriol, corrosiye sublimate, and white 

yitriol, in the dry aiid wet way. 
4. A mixture of the solid salts, plumbic and bismuthous nitrate, in the dry and 

wet way. 
6. A solution containing much baric chloride and little plumbic chloride. 

6. A solution containing cupric, ferrous, and zincic sulpnates. 

7. A solution of cupric, cadmic, and zincic sulphates, containing *050 grm. of 

Cu, -020 grm. of Cd, and *500 grm. of Zn. 

8. An alloy of zinc and copper (brass). 

9. A solution of mercuric, plumbic, and bismuthous nitrates, containing *060 

grm. of Hg, '500 grm. of Pb, and '100 grm. of Bi. 
10. A sample of copper glance, in the dry way only. 
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11. A sample of maliichiUf in the dry way. 

12. A solution of plumbic and bismuthous nitrates (to be distinguished by means 

of CrOsKos and NaHo). 

13. A solution of plumbic and cupric nitrates. 

14. What takes place when an ore, containing PbS, CdS, and ZnS, is roasted 

in a current of air 1 

15. You haye given to you a solution of cupric sulphate, dipotassic tartrate, sodio 

hydrate, and grape sugar; what changes can you produce with these 
materials ? 



Group II. Subdivision B. 

1. TIN, Sn" and *^. — This metal is found in nature mainly in the 
form of tinstone or cassiterite, SnOj, sometimes combined with 
sulphur, as tinpyrites^ 8082 (heU-metal ore), 

EXAMINATION IN THE DRY WAT. 

When tin minerals are fased on charcoal^ with C0Na02 and KCy, 
in ^ strongly reducing flame, they yield small globules of tin which 
are malleable, and the charcoal becomes covered with a white coating 
of Sn02. If this white incrustation be treated with a solution of 
cobaJtous nitrate, and strongly heated, it assumes a bluish-green 
colour, which is characteristic of tin. 

By introducing into a borax bead-> in which sufficient cupric oxide has been 
diffused to render the bead faintly blue — traces of a tin compound and heating 
in the reducing flame, the bead turns reddish hravm, or forms a mbjf-red glass. 

EXAMINATION IN THE WET WAY. 

Tinstone being insoluble in acids, must be fased with alkaline 
carbonates and a reducing agent, such as potassic cyanide, charcoal, 
or black flux (ignited Uochdle salt), when metallic tin is obtained. 
Tin dissolves slowly in hot hydrochloric acid with evolution of 
hydrogen and formation of S11CI2, readily in aqua regia with for- 
mation of SnCU. Nitric acid converts tin into metafitannic add, 
S1I0O5H010 (see page 84), which by evaporation and ignition is con- 
verted into Sn02. 100 parts by weight of metallic tin when thus 
oxidized, are found to increase to 127*6 by weight (atomic weight of 
Sn = 118). 

Tin is capable of combining either with two, or four atoms of 
chlorine, etc. In stannous chloride, S11CI2, the metal exists as a 
dyad, and in stannic chloride, S11CI4, as a tetrad element. It is 
capable of forming two series of salts, of oxides, sulphides, etc., viz. : — 

Stannous compounds. Stannic compounds. 

Slk^Cli Stannous chloride Sn^^Cli Stannic chloride 

Sn^'O „ oxide Sn'^Os „ oxide (anhydride) 

SOsSno'' „ sulphate Sn^^ „ sulphide. 

Sq^Suo'' „ nitrate 

Sn^'S „ sulphide. 
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Stannic acid, SnOHo2, combines not only with the strong alkali 
bases, OKj, ONas, bnt even with stannous oxide, SnO, to form 
stannates, e.^., SnOKo2, dipotassic stannate, SnOSno", stannous 
stannate. 

A. stannous compounds. — A solution of stannous chloride, 
S11CI2, is employed. 

SH2 (sroup-reasent) gives a dark hrovm precipitate of stannous 
sulpblde, SnS, nearly insoluble in normal ammonic sulphide, but 
readily dissolved by yellow ammonic sulphide, S6Am2 : from this 
latter solution it is reprecipitated as yellow stannic sulphide, SnSt, 
on the addition of hydrochloric acid ; it is also soluble in potassic 
or sodic hydrate, from which hydrochloric acid precipitates SnS 
unchanged. Soluble in boiling hydrochloric acid. 

SAmj gives the same precipitate. Soluble in excess. 

KHo or NaHo gives a white bulky jorecipita.te of stannous hydrate, 
SllHo2, readily soluble in excess to S11K02 (dipotassic stannite). 

AmHo or GOAmo2, same precipitate, insoluble in excess. 

By far the most interesting reactions are based, however, upon 
the tendency of stannous salts to become converted into stannic 
salts. S11CI2 combines with two more atoms of chlorine to become 
converted into SnCU, whereby the chemical affinities of tin for 
chlorine become satisfied ; and stannous compounds may be 
viewed as unfinished bodies, which can deprive certain other 
bodies of chlorine, oxygen, etQ, Expressed graphically, dyad 
tin (or stannosum, as it is sometimes called) has two bonds 

left unsatisfied or latent, thus : — CI — Sn — CI, whilst in tetrad 
tin (stannicum) all the bonds are satisfied, thus : — CI — Sn — CI or 



i, 



0=Sn=0. 

H|^Cl2 added to a solution of SnCls produces first a lo^t^ precipitate of 
mercurous cUoride, H^^sOla, and when boiled with excess of BnCl2, yields 
a greyish powder of metallle mercury* 

lr02Ago gives with excess of 8nCl2 a finely divided black precipitate of 
Metallic silver — 

28nCl3 + 2NO,Ago » Ag, + jf o^no'' + SnCLi. 

OuCls is reduced by SnCls to cuprous cUorlde, C1I3CI2) with formation 

of SnOli. 

V^fiU yields two atoms of chlorine to SnCls, forming 8nCL«, and leaving 
two molecules of 1*0012. The yellowish solution turns green. 

AnCls gives with SnCls a purple precipitate (purple ofcatmui)^ to which 
the formula^ SnO Aa2o'' + SnOSno'' -»- 4 Aq, (sometimes viewed also as Au2 -f 
SSnOj), has been assigned. The change may be expressed thus : — 

SAnCls -^ 88nCl3 + 6OH2 = Aa2 + 88n02 + 12HCL 

This is a most delicate reaction. 
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B. Stannle eonpoiinds. — A solution of stannic CHLOBIDE, S11CI4, 
is employed in studying the reactions of Sn*^ in the wet way. 

SHa (vroup-reasent) gives a ^aZ^ote^ precipitate of flUumle sol- 
phlAe, SnSa, readily soluble in alkaline sulphides, potassic hydrate, 
boiling concentrated hydrochloric acid, and aqua regia ; somewhat 
di£&cultly soluble in ammonic hydrate and nearly insoluble in ammonic 
carbonate. 

SAm2, same precipitate, soluble in excess. 

KHo or AmHo produces a white precipitate of stannle liytf rmte» 
SnOHoa, or stannic aetA, which is completely soluble in excess, form- 
ing dipotassic stannate, soluble in hydrochloric acid. 

CwAmos or CONaoa precipitates white stannic acM, SnOHoa, 
soluble in caustic alkahes. 

Stannic chloride furnishes us, moreover, with an interesting pro- 
cess of precipitation, viz., by means of neutral salts, such as sodic 
sulphate, ammonic nitrate (in fact, most neutral salts). Metastannic 
acid (SlIsOftHoio) is precipitated on heating, provided the solution 
of SnCU be not too acid, thus : — 

5S11CI4 + 20SOaNao, + ISOHa = SiicOfiHolo + 20Naa 

+ 20SOaHoNao. 

5S11CI4 + 20NO2Amo -h ISOHa = Sn^OsHoio + 20AmCl 

+ 20rfOaHo. 

Metallic zinc precipitates from acid solutions of SnCla or 
SnCli, metallic tin in the form of grey laminsB, or of a spongy mass 
which can be readily dissolved in hydrochloric acid, especially by 
the aid of a piece of platinum foil. 

Metallic tin or copper reduces S11CI4 to SnCla, thus : — 

SnCU + Sn = 2SllCla. 

A solution of SnCla (containing hydrochloric acid) cannot be 
kept when exposed to air, without changing rapidlv to SnCU, on 
account of the great attraction which stannous salts possess for 
oxygen, thus : — 

(1) SnCl, + = SnO + CI,. 

(2) SnCla + CI, = SnCl4. 

(3) SnO + 2HC1 = SnCl, + OH,. 

Hence g^ranulated metallic tin or pure tinfoil is usually put 
into stannous solutions, in order to prevent the formation of 

SnCli. 

QUESTIONS AND EXERCISES. 

1. How do you detect a stannic salt in the presence of a stannous salt ? 

2. Give the constitutional and graphic formuls for metastannic and stannic 

adds, stannous and stannic chlorides. 
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8. How can ihe oorrectness of the atomic weight of tin be shown experi- 
mentally? 

4. Why does a chemical change take place, when SnCljand Sfl^s are heated 
together ? 

6. Explain the action of chlorine, nitric acid, and air upon stannouB salts. 

6. How is Sn separated from Ag ? 

7. How would you analyze an ^oy, consisting of Pb, Cu, Bi, Sn P 

8. A tinstone yielded on analysis 76'5 per cent, of metallic tin; how much SnOj 

did it contain ? 

9. How much chlorine gas by weieht and by volume (at 0** and 760 mm.) will 

be absorbed by 10 grms. of onOls ? 
10. Express in symbolic formules the equations for the reactions, in the wet way, 
of stannous and stannic chlorides. 



2. AMTIMOMT, Sb'" and ^.— This metal is found native and 
in combination with oxygen as white antimony, SbttOj, bnt more 
frequently as sulphide, SlhSs (grey antim(my), and in combination 
with other metallic sulphides (AgjS, PbS, 'Cu'aS), as sulphanti- 
monite and sulphantimoniate. 

EXAMINATION IN THE DRY WAY. 

On heating metallic antimony or an antimony mineral, e.g., grey 
antimony with free access of air, either on charcoal or in a glass 
tube open at both ends, dense white fumes of antimonious and 
antimonic oxides are given off which condense on the colder part 
of the charcoal or glass tube, thus : — 

SkS, + 09 = SbaOa + SSOj. 

Sublimed. 

All compounds of antimony can be reduced to the metallic state 
when heated on charcoal in the reducing flame, together with 
CONaos and KCy. A brittle globule of metallic antimony is 
obtained, giving off dense white fumefi of SbaOs (even after the 
withdrawal of t£e metal from the flame), which thickly incrust the 
metallic globule with a network of brilliant acicular crystals. 

EXAMINATION IN THE WET WAY. 

Chlorine attacks antimony violently (comp. Exp. 48), forming 
with it SbCli or SbCl^, according to the proportions of chlorine 
employed, and according to the temperature at which the combina- 
tion takes place. Hydrochloric acid has scarcely any action upon 
the metal ; aqua regia dissolves it readily to SbCl«. Nitric acid 
converts it into a compound, containing SbzOs and SbzOsi insoluble 
in nitric acid, soluble in tartaric add, Qrey antimony, SbzSs, as well as 
SbsSft, dissolve in concentrated hydrochloric acid witli evolution of sul- 
phuretted hydrogen, the latter sulphide with separation of sulphur. 

Antimony forms two series of compounds by combining either 
with three, or five atoms of chlorine, etc., viz. : — 
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ANTIMONIOUS COMPOUNDS, 



Antimomoua contpoundt, 

8b CI3, AntimonioiiB chloride. 
8b '2O3, „ oxide. 

8b "2 Ssi )) sulphide. 

8b'''OHo Metantimonious acid. 



Aniimonic compounds, 

8b^Cl{, Antimonic chloride. 
8b^206 .* oxide. 



8b''y S5 



it 



sulphide. 



8b^02Ho, Metantimonic acid.* 



Both these acids can enter into combination with strong bases, 
snch as potassa, or soda, to form weak salts, — ^metantimonites and 
metantimoniates, viz. : — 

8b'''OKo, Potassio metantimonite. 
8b^02Ko, Potassic metantimoniate. 
8b^02Nao, Sodic metantimoniate. 

Sb^02(Sb'"02)' antimonylic metantimoniate or < 'OhXyn^y dianti- 

monic tetroxide, is formed when antimonic oxide (obtained by dis- 
solving antimony in nitric acid) is ignited and is of some importance, 
as it serves for the quantitative estimation of antimony. 

A. Antlmonlons compounds. — A solution of antimonious chlo- 
ride, SbCla, is employed for the reactions in the wet way. 

SH2 (irroap-reaseiit) gives an orange red precipitate of antlmo- 
nlons snlphlde, Sb2S3, soluble in alkaline snlpbides and in potassic 
or sodic hydrate; reprecipitated by hydrochloric acid, slightly soluble 
in amnionic hydrate, insoluble in hydric ammonic carbonate, and in 
hydric ammonic or hydric potassic sulphites. It dissolves in boiling 
concentrated hydrochloric acid. 

Temperature and concentration of the reagents produce reciprocal effects. In 
a dilute hydrochloric acid solution the 8bCl3 exchanges its chlorine in the cold 
for sulphur, with precipitation of 8b2Sa, whilst foiling concentrated hydrochloric 
acid dissolves 8b2Ss readily with evolution of 



SAm2 produces the same precipitate as SH2, soluble in excess. 

KHo or NaHo precipitates antimaniovs axide^ SbtOs, readily 
soluble in excess, with formation of potassic antimonite. 

AmHo, same precipitate, almost insoluble in excess. 

COAmo2, COK02, or CONao2, same precipitate. 

OH2 decomposes SbCls, forming a white insolvhle haste salt, 
antlmonlons oxychlorlde, SbOCl, soluble in tartaric acid. (Dis- 
tinction FROM BiSMUTHOus OXYCHLORIDE, BiOCl). Water therefore 
gives no precipitate with a solution of potassic antimonylic tartrate 

{C0(Sb"'02)' 
CTTFTo 
CHHo ' ^^^ alkalies and alkaline carbonates 

COKo 
produce a partialprecipitation only after some time. 

Metallic Zn, Cfu, Cd, Fe, Go, Sn, and Pb precipitate the metal 
in the absence of free nitric acid as a black powder. 

* Orthantimonic acid 8bOHo3, and pyrantimonio acid, 8bsOaHo4 (said to 
be formed when antimonic chloride is decomposed by water), are Uttle known. 
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An exceedingly delicate reaction for antimony consists in preci- 
pitating the metal fix)m a dilute hydrochloric acid solution on 
platinum foil or on the lid of a platmum crucible, by means of a 
small strip of metallic zinc. H and SbHj (antimonietted hydro- 
gen*) are evolved, and the platinum is stained brown or black by 
the deposited metal. Mere traces of antimony can thus be discovered. 
The stain is not affected by cold hydrochloric acid, but disap- 
pears on heating with nitric acid. Tin cannot be precipitated on 
platinum. 

Compounds containing triad antimony exhibit a tendency (less 
marked, however, than in stannous compounds) to combine with 
more chlorine, etc., and to pass into pentad or antimonic com- 
pounds. Expressed graphically — 

Cl ^^ 
11 .1 \qk/ ^^ ^^^ bonds left unsatisfied or latent, 

Cl 
whilst pentad antimony in Sb^CU or Sb^OCU (oxy- trichloride), 
has all its bonds satisfied, thus : — 

Cl * ° 

Antixnpnic CK I /Cl ^^^f ci-Jb-Cl 

chlonde ^^;>^b^^^ ^^Znao. ^^ 

The following are some of the reactions naturally arising from 
this condition of antimonious compounds : — 

When a current of chlorine gas is passed oyer solid SbClj} a molecule of 
chlorine is absorbed, and the chloride liquefies, thus : — 

SbOls + CI3 » SbCU. 

Solid Liquid 

antimonious antimonic 

chloride. chloride. 

Sodio metantimonite, SbONao, is oxidized, in the presence of sodic hydrate 
by free iodine, with formation of sodic metantimoniate, SbOsNao, and Nal, 
thus : — 

SbONao + I2 + 2NaHo = SbOaNao + 2NaI + OH,. 

A hydrochloric acid solution of SbCls reduces AnCl to metallic gold (fre- 
quently with separation of SbO^Ho), thus : — 

SSbCls + SAnag » aSbCls + Aus. 

Sodic metantimonite is oxidized in an alkaline solution by argentic oxide, 
OAff], to sodic metantimoniate, argentous oxide, 0Ag4, being formed, which is 
ins^uble in ammonic hydrate, OAgs being readily soluble. (Distikctiov 

BETWBSN SbsOs AND SbjOs.) 



* Of this gas more at page 218. 
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The reactions may be expressed as follows : — 

(1) SbCla + 4NaHo = SbONao + SNaQ + 20Ha. 

Sodic 
antimonite. 

(2) 2ir02Ago + 2NaHo = OAgj + 2ir02Nao + OHj. 

Argentic oxide, 
insoluble in NaHo ' 
(soluble in AmHo). 

(3) SbOKao + 20Ags « SbOsNao + 0Ag4. 

Black argentous 

oxide, insoluble 

in AmHo. 

SSONaO] (sodle liyposiilptalte) reduces antimonious compounds to 
metallic antimony, which combines with sulphur and forms SbjSs, thus : — 

SSSONaos + SbsOs = Sb^Sg + SSOaNaoj. 

B. Antlmonlc compouiiAs. — A solution of potassic metantimoni- 
ATE, SbOaKo, may conveniently be employed for studying the 
reactions in the wet way. • 

This salt is prepared by fusing metantimonic acid, Sb02Ho, 
with a large excess of KHo, in a s3ver crucible, and dissolving the 
mass in cold water. Fused with caustic soda, a sodic metanti- 
moniate is obtained, which is insoluble in water. 

Sb02Ko is readily decomposed by concentrated acids (hydro- 
chloric or nitric), metantimonic acid being precipitated. 

SH2 gives from a solution of SbOaHo in excess of hydrochloric 
acid, an orange precipitate of antimonic sulphide, SbzSs, mixed 
with Sb2Ss and S ; soluble in alkaline sulphides, readily soluble in 
ammonic or potassic hydrate ; also soluble in boiling concentrated 
hydrochloric acid, with evolution of SH2 and deposition of S ; only 
very sparingly soluble in cold hydric ammonic carbonate. 

SAm2, same precipitate, soluble in excess. 

S02Feo" does not reduce antimonic compounds. 

If OaAgo, added to an alkaline solution of SbOsKo, yields, for 
obvious reasons, only OAg2, readily soluble in ammonic hydrate. 

Antimonic compound*f like stannic salts, can, under certain candUioni, aUo 
€U!t as oxidizing agentSf e.g. : — 

On igniting antimonic anhydride, it splits up into 8bs04 and oxygen. 

SnUlj precipitates SbOHo from a hydrochloric acid solution of SbOfHo, 
the SnCls being converted into SnCli. 

On boiling a solution of SbOjHo in hydrochloric acid with potassic iodide, 
iodine is Uberated, colouring the solution brown. (8b01( is in hxt fre- 
quently employed for the purpose of conyeying chlorine to other bodies, both 
mineral and orsanic.) Iodine is set free, because SbCli, on being heated, 
together with 2KI, forms SbCIg + I, + 2EC1. The liberated iodine u readily 
recognized by means of starch paste, when the highly delicate and characteristio 
blue iodide of starch reaction is obtained. (DiSTiKCTiov bxtwkxk aktikovioub 

AKD AirriMONIC COMFOUKDB.) 



ARSENIO. 205 



QUESTIONS AND EXERCISES. 

1. How is antimonious chloride prepared? What change does it undergo 

when water is added to it ? 

2. How can the metal antimony be obtained fix)m grey antimony ore f 

8. By what characteristic reaction can antimony compounds be recognized when 

examined in the dry way ? 
4. What is the action of concentrated nitric acid upon metallic antimony P 

Explain the change by an equation. 
6. Explam how 8b204 is obtained, and give constitutional and graphic formula 

for it. 

6. How can you distinguish between antimonious and antimonic compounds P 

7. Explain me action of Zn or Fe upon a solution of SbCls. 

8. What evidence have we to show the triad and pentad nature of Sb P 

9. Give illustrations of the reducing action of antimonious compounds, e.y., 

antimonious chloride. 

10. Q-ive instances of the oxidizing action of antimonic compounds, 0.^., 

metantimonic acid. 

11. State how you would separate Sb from Sn, in the wet way. 

12. How can Sb be separated from Bi ? 

13. Express by symbolic equations the reactions for antimony in the wet way. 

14. Calculate the percentage composition of white antimony and antimonious 

oxychloride, 

15. 1 grm. of a sample oi grey antimony yielded on analysis '854 grm. of SbsO^ ; 

what percentage of Sb does the ore contain ? 

16. How would you separate Sn from Sb, in the dry way ? 

17. How much SbjO^ by weight will 1'32 grm. of metallic antimony yield P 

18. How much chlorine by weight and by volume (at O^'C. and 760 mm.) is re- 

quired to convert 10 grms. of SbCls into SbCls ? 

19. How much oxygen gas by weight and by volume (at 0°C. and 760 mm.) can 

be obtained by igniting 6 grms. of SbjOs ? 

20. Describe the preparation of potassic metantimoniate. 

21. How much Pb and Sb have to be employed to prepare 50 lbs. of type metal, 

an alloy having the composition Fb4Sb P 



3. ARSENIC^ As'" and ^— This body constitutes one of the 

most widely diffdsed elements in nature. It is found native, bnt 

exists most frequently in combination with sulphur as realga/r^ 

r A tt R" 

< ^i-o", or diarsenious disulphide, and as orpiment, AStS"^, or 

arsenious sulphide (sulpharsenious anhydride) ; in combination with 

" A u'Ni, copper nickel, i » a -"w-i 

and in smaltine, < " a a'^^* -^J^'senic acts in some of these mineral 

bodies more like a metalloid than a metal. Metallic arsenides are 

frequently found in combination with metallic sulphides, such as the 

sulphides of Ag, Fe, Ni, Co, Cu, etc., as in the common mineral 

f "As' 
mispickel,or arsenical pyrites A " ab'-'^®"' ^©^^Sa* ^ nickel glance or 

r "As' f "As' 

grey nickel ore, < » a «' ^^"» "l^^Sa, and in cobalt glance < » ^^ > Co", 

Co^^Sa. Arsenic occurs also in the form of metallic arseniates, such 
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as calcic, magnesic, nickelons, cobaltous, plumbic arseniates ; for 
example, in the mineral pharmacolite, iAj920}iCao"2,60H2 (calcic 
pyrarseniate), in nickel ochres iAjS203Nio"s,90H2, in cobalt htoom^ 
A8302Coo"3,80H2, and in mimetedte, 3(A820,Pbo",),PbCl2. 

Traces of arsenic are almost invariably found in commercial sulphur, iron, 
copper, tin, and antimony. On account of the solubility of its oxides, arsenic is 
sometimes found in mineral springs and in the ochreous deposits from mineral 
waters. 

EXAMINATION IN THE DRY WAT. 

Arsenic can be completely volatilized. When heated in contact 
with air, either on charcoal or in an open tube, it bums and forms 
arsenions anhydride, ILBiO^^ giving on at the same time a peculiar 
and most characteristic garlic odour. Arsenical compounds give 
the same indications when heated by themselves, on charcoal in the 
reducing flame, and on the addition of sodic carbonate and potassic 
cyanide, whether the arsenic be present as arsenite or arseniate. The 
blow-pipe experiments should be performed with great precaution, 

since arsenical fumes are 
poisonous. The reaction 
being so very delicate 
small quantities only of 
the substance should be 
operated upon. 

When arsenical compounds 
are heated in a bulb-tube, Fig. 
^o. 77. 77^ a, mixed with a proper re- 

ducing agent (such as sodic car- 
bonate and charcoal powder), metallic arsenic sublimes and deposits itself in 
the shape of a lustrous steel grey mirror, 5, in the upper part of the tube. 

EXAMINATION IN THE WET WAT. 

Chlorine attacks arsenic violently, forming a highly poisonous 
liquid, arsenions chloride, A8CI3. Hydrochloric acid does not act 
upon arsenic ; nitric acid oxidizes it to arsenions and arsenic acids, 
according to the concentration of the acid. 

Arsenic forms two oxides, sulphides, etc., and two well characterized 
aeries of salts, a/rsenites and arseniates (compare Chapter XVI). 

A. Anenlous compouiiAs. — We may employ either A solution 
OF ARSENIOUS ANHTDRiDE, A82O3, in dilute hjrdrochloric acid, or AN 
AQUEOUS SOLUTION OF AN ARSENITE, A8K03 (tnpotassic arsenite). 

SH2 (sroup-reasent) produces, in an acid solution of ASiOt 
a lemoji yellow precipitate of araenloiu snlphlde, AStSs, readily 
soluble in caustic alkalies, in alkaline carbonates and sulphides, 
forming alkaline arscnites and sulpharsenites ; it is reprecipitated 
from any of these solutions, on the addition of dilute hydrochloric 
or nitric acid. It is nearly insoluble in concentrated hydrochloric 
acid, even on boiling; but soluble in nitric acid. On digesting 
freshly precipitated arsenions sulphide in a solution of hydric 
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potassic sulphite, SOHoKo, and excess of snlphurons acid, the 
yellow precipitate is dissolved, and the solution contains potassio 
metarsenite, and potassic hyposulphite, after driving off the excess 
of sulphurous acid by evaporation, thus : — 

2AS2S8 + I6SOH0K0 = 4AsOKo + eSSOKoa + S, + 780, 

+ 80Ha. 

SAni2, same precipitate, soluble in excess. 

Zf OaAgo produces from a solution of a neutral arsenite, or from 
a solution of ASzOs in water, rendered neutral by cautiously adding 
ammonic hydrate, a yellow precipitate of tiiarsentlc arsenltei 
JELsAgOz, readily soluble in ammonic hydrate, ammonic chloride, 
and nitric acid. The ammoniacal solution of JBLsAgOz is decomposed 
on boiling, with separation of metallic silver and formation of trt- 
arsentlc arsenlate, AsOAgOs, thus : — 



jAgOa + OAg2 = AsOAgOs + Ag2. 
Soluble in Soluble in Soluble in Black 

AmHo. AmHo. AmHo. precipitate. 

SO2CU0" precipitates a characteristic yellowish green precipitate of hyArle 
cnprtc arsenite, AsHoCuo'' (Scheele'a green), from a solution of tripotassic 
arsenite, readily soluble in ammonic hydrate, ammonic cbloride, or nitric 
acid. 

802Mffo'' gives no precipitate in the presence of free ammonic hydrate and 
ammonic cnloride. 

ReinscVs test — Arsenic is precipitated on a strip of clean metallic 
copper, immersed in a hydrochloric acid solution of A82O3, in the 
form of a grey film of A82CU6, from highly dilute solutions, especi- 
ally on heating. The film peels off in black scales if the solution 
contain sufficient arsenic. The presence of the metal should be 
confirmed in the dry way, especially as antimony is also precipitated 
by metallic copper under similar conditions. 

Arsenious compounds exert a powerful reducing action^ when 
brought together with bodies that are capable of parting with 
oxygen, chlorine, etc. This property is even more marked in 
arsenious than in antimonious compounds. Triad arsenic com- 
pounds, containing two unsatisfied bonds, give rise to numerous 
interesting reactions, thus : — 

AuCla (auiic chloride) produces from an acid solution of ASjOs a pre- 
cipitate of metallic gold, and the reaction is so accurate that the amount of 
arsenic can be determined quantitatively firom the weight of the precipitated 
gold. 

Two atoms of Au (2 x 196*7) = three atoms of As (3 x 75). 

4AaCl3 + 3A82O3 + 6OH2 ^ BAflhOfi + Au4 + 12HCL 

Chlorine water, or compounds capable of yielding chlorine, such an a solution 
of bleaching powder, or of sodic hypochlorite, ClNao {JEau de Javelle), oxidize 
ASs^s rapidly, thus : — 

ASjO, + 2C1, + 2OH2 = ASsOs + 4HC1. 
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Iodine, diBsolyed in a solution of potassio iodide, likewise conyerts a solution of 
ABsOs, dissolyed in excess of hjdric sodic carbonate, into AS9O5, with formation 
of an alkaline iodide, thus :— 

AsHoNaos + 2COHoNao + I, » AsOHoNao, ■¥ 2NaI + OH, + 2CO2* 

Chlorine, iodine, and bromine act as oxidizing agents bj decomposing water 
or a metallic oxide. Thej form, with the hydrogen or the metal, HCl, HI, HBr, 
or a corresponding haloid salt, and the oxygen is transferred to the AM^Oy 

The oxidizing action of OAgj upon AsAgOs in an ammoniacal solution has 
already been noticed. 

An analogous change is produced by cupric oxide in the presence of potastic 
hydrate. On adding to a strongly alkaline solution of tripotassic arsenite a few 
drops of cupric sulphate, and applying a gentle heat, the blue solution deposita a 
red precipitate of cuprous oxide, Cu-iO, and leayes tripotassic arseniate, AsOEo^ 
in solution. (Distinction between ASjOs and AA2O5.) 

The deoxidizing action which arsenious compounds exert upon the higher 
oxides of chromium (chromates) and numganese (manganates and pennanganates), 
has already been described, pages 159 and 173. 

B. Arsenle Compounds. — We employ AN aqueous solution of 

TRIPOTASSIC ARSENUTE, AsOKoj. 

SH2 gives scarcely any precipitate fit)m an acidulated solution 
of JBlsOKo^ until the solution is heated, and a current of gas passed 
through for some time. It is difficult to effect complete precipitation 
even then. The precipitate consists of arsem'ous sulphide and 
sulphur. It is preferable to reduce the ASiO^ first to £LStOsj by a 
more powerful reducing agent than SH2, for example, by sulphurous 
acid, or an acid sulphite, such as SOHoKo — 

A8OK03 + SOHoa = AsKo, + SOJIo,. 

whence sulphuretted hydrogen precipitates the arsenic readily as 
arsenious sulphide. 

ITOaAgo gives a reddish hrown precipitate of tiiarvenUe araenlatei 
AsOAgOj, soluble in ammonic hydrate and in nitric acid. 

SOsCuO'' produces a ptUe greenith blue precipitate of taydrie cnprle 
arseniate, AsOHoCuo'', soluble in ammonic hydrate and nitric acid. 



({ 



lOaMgo", in the presence of ammonic chloride and ammonic 
hydrate, gives a white crystalline precipitate of aaunonle mafneslo 
arseniate, AsOAmoMgo" (distinction of JkBtOi from AStOs). 

FejClfi giyes a yellounsh white precipitate of ferrle arseniate, ASjOsFeiO^. 

^Q')sPbo'' (plumbic acetate) giyes a white precipitate of triploaiMo 

arseniate, ASsOsPbo'V 

BKOjAmos (amnionic molybAatc), dissolved in nitric acid, gives a yellow 
precipitate of arsenlo-aauaonlc molybtfatc. 

Metallic copper does not precipitate metallic arsenic from dilute 
acid solutions of AAiOt ; but on adding concentrated hydrochloric 
acid, and heating, a grey film of ASsCua is obtained (DtSTiNCTlOir 

BETWEEN ASzOs AND ASzOo). 
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Arsemoua as well as arsenic coTrvpov/ads 'are capable of oxidizmg 
other bodies, a/nd become themselves reduced either to a lower oxide, 
sulphide, or to the metallic state. 

8O2 reduces arsenic to arsenious acid. 

SSONaoj (sodic hyposulphite) depriyes A03O3 of its oxygen, and con- 
Terts it into A82S3, thus : — 

ABsOs + SSSONaos = AflsSs + SSOsNaoj. 

Ga/rbon reduces both Oxides of Arsenic to Metallic Arsenic, — ^A 
fragment of the solid arsenical compound is placed in the pointed 
end, a, of a hard glass tube drawn out before the blowpipe, as seen in 
Fig. 78. A piece of 
well ignited charcoal is 
next placed in the nar- 
row' part of the tube, 
at b, somewhat above 
the fragment of the 
arsenical compound. 
This charcoal is heated 
over a gas flame or the 
flame of a spirit-lamp. 
When the charcoal is 
well ignited a second 
flame is applied to the 
lower end of the tube in 
order to volatilize the arsenical compound. The vapour on passing 
over the glowing charcoal is deprived of its oxygen, and metallic 
arsenic is deposited in the form of a shining black mirror on the 
inside of the tube, above the charcoal, at c. The reaction takes 
place according to the equation : — 




Fio. 78. 



2A8aOs + 30 = 



+ 3CO2. 



This test is very delicate. Arsenic, in the form of an arsenite or 
arseniate, is liberated by mixing perfectly dry charcoal powder or 
black flux with the dry substance, previous to its introduction into 
the drawn out portion of the tube, which for this purpose has a 
small bulb blown at its lower end. The silblimation of metallic 
arsenic is accompanied by the characteristic garlic odour. 

KCy reduces arsenical 
compounds — oxides as well 
as sulphides — with foxma- 
tion of potassic cyanate or 
sulphocvanate. A mix- 
ture of potassic cyanide 
with the arsenical com- 
pound is heated in a bulb fio. 79. 
tube a (Fig. 79). Metallic arsenic is deposited at b. 

The changes are expressed as follows : — 




SIO REDUOTION OF ABSAKIOAIi SOUSIDSB. 

2As,0,'+ 6KCy = 6CyKo + As.. 
PotMiio 

2A4>S, + 6KCy = eCyKs + As*. 

lulphtx^anate. 

But tince potMiio oj^oide contkitu potwsin cTBiute, aa «^ aa potaseie car- 
bonate (ite compoaition maj be eipreued by the fonnula GKC; -i- CjKo + 
lOOEof), a portion only of the onenio in ASjS] U obtained in the nMtallio 
form, and a Bulphaneniate is formed which is not reduced by potusic cjnnide. 
On mixing the amniouB sutphido with Bulphur, tlie whole of the arsenic remsiiu 
behind in the fueed mass, as sulpharseniate, and no metallic deposit is obtained. 
(In the presence of Bulphidee of Fb, Cu, Ag, Au, Ni, Co, Fe — u, e-g., of F«Si 
in artenical pyriteM, ITiS], in nwkel glance — which are reduced to the metallic 
•tate b; the action of potassio cyanide, scarcely any arsenical mirror is obtained, 
because the Uberated metallic arsenic — a portion only of the arsenic being 
liberated— would immediately alloy itself wiUi the metala). These changes are 
eipressed by the equations r— 



Y SAaOEo, + 120CV 



ic carbonate, and introducing tba 
a a piece of combustion tube, C^ drawn out to a point, as seen on ■ 
a Fig. 80. A slow current of ou'bonic anhydride generated &om 
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through the deliTery tube e, is passed oyer the mixture in the tube C, heated at 
first gently, till all the moisture nas been driyen out, and then strongly to fusion, 
— when a mirror of metallic arsenic collects in the neck of the drawn-out tube. 

The reaction has this advantage that no antimony mirror is obtained in the 
same way. 

In order, howeyer, to ayoid missing the arsenic, either altogether or obtaining 
only a portion of it, as stated above, it is preferable to treat the arsenious sulphide 
with a few drops of concentrated nitric acid, and to evaporate with a little 
sulphuric acid ^ order to decompose any metallic nitrates, if present). The 
sulphuric acid is next neutralised with sodic carbonate and the mass thoroughly 
dried, before mixing it with potassic cyanide and reducing it as described. The 
fused mass retains the antimony, and a good arsenical mirror is obtained, pro- 
vided no lead, copper, or other reducible metals were present. 

^8203 and ASzOa are rednced by nascent hydrogen which com- 
bines with the oxygen of the arsenical oxides to form water, whilst 
the arsenic in its nascent state, or the very moment it is liberated 
from the oxygen, combines likewise with hydrogen to form a gaseous 
componnd of arsenic, called arsenietted hydrogen (arsenious hydride) 
— ^L8"'H3. This gas is obtained pure by acting with dilute sul- 
phuric acid upon an alloy of zinc and arsenic. The zinc takes the 
place of the hydrogen in the acid, and arsenietted hydrogen is 
liberated, thus: — 

ASaZn^ + 3SO2H02 = SSOaZno" + 2ASH3. 

Arsenietted hydrogen is an exceedingly poisonous gas, and the 
student should on no account attempt to prepare it pure. Its 
properties may be studied equally well in a mixture of the gas with 
much hydrogen. 

The experiment should be conducted in a closet, connected 
with a chimney or flue, where a good indraught of air can be obtained. 
Arsenietted hydrogen possesses a very nauseous odour, and bums 
with a peculiarly livid bluish flame, when the jet of hydrogen and 
arsenietted hydrogen gas is lighted, owing to the combustion of 
arsenic to arsenious anhydride which rises in white fumes. 

Q-enerate hydrogen in a flask, a. Pig. 82, from pure zinc (free from arsenic) 
and pure dilute sulphuric acid. Dry the gas by passing it over calcic chloride 
and connect the drying tube, i, with a piece of hard glass tubing, c, drawn out 
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to a jet. The hydrogen gas may be ignited at the jet, tu »wm at it hat ditplaeed ike 
€dr in the generatingJUuJcy a, and drying tube, b. It bums with an almoet colour- 
less flame, if the zinc and acid are pure. On introducing a few drops of an 
arsenious or arsenic solution through the fimnel-tube, the flame is seen to change 
to blue, and on depressing a piece of porcelain (e.g.j a dish, or porcelain crucible) 
into the flame, a black mirror or deposit of metallic arsenic is obtained. Or 
the metal may be collected — by heating the glass tube through which the 
arsenietted hydrogen passes — in the form of a metallic ring, d, which deposits 
within the tube immediately behind the spot where the glass is heated. The 
hydrogen should not be generated too rapidly, if a good ring is to be obtained. 
The mirror may be driven on to by gradually moving the flame firom e 
towards d. 

Several arsenical mirrors may be obtained, if a long piece of combustion tube, 
Fig. 83, be employed, which has been narrowed in several places by drawing it 
out in the flame of a blowpipe. Arsenietted hydrogen is generated in the flask, a, 
and passing through 5, the drying tube, c, and combustion tube, <i, issues 
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from the drawn-out jet, where it can be burnt. The tube, d, is heated in one 
or in several places, just before the several drawn-out narrow parts. An arsenical 
mirror is obtained a little behind the heated part of the tube, as seen in Fig. 83. 
Little or no arsenietted hydrogen need thus escape from the jet, especially if a 
slow current of hydrogen be generated. 

The deposition of arsenic in the tnbe or on the cold porcelain 
arises from the decomposition of the arsenietted hydrogen, which, 
at a high temperature, is broken up into arsenic which is deposited, 
and hydrogen which passes on and boms at the jet. The decom- 
position which takes place when a cold piece of porcelain is lowered 
into the flame, is readily explained, if we remember what takes place, 
when an iron spoon is held in a candle or gas flame. We obtain a 
deposit of soot (finely-divided carbon from the hydrocarbons), 
because the combustion is disturbed, and the temperature of the 
flame suddenly lowered. The flame can only bum, where it is in 
contact with air, t.e., on the outside. The arsenietted hydrogen on 
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passing through the inner portion of the flame, is decomposed by the 
heat into arsenic yaponr and hydrogen gas ; the latter escapes 
through the outer portion of the flame and is burnt, arsenic being 
deposited on the cold porcelain surface. The decomposition of 
arsenietted hydrogen takes place, even if very little of the gas be 
mixed with much hydrogen gas, and this test — known as Marsh's test 
'^is therefore extremely delicate. 

It is of paramount importance that- both zinc and sulphuric acid should be 
tested first. This is done by generating hydrogen, and allowing the gas to 
escape by itself for some time through the combustion tube ignited in several 
places. 

Gare should also be taken to avoid introducing nitric acid, since arsenietted 
hydrogen is readily decomposed by this acid. It is therefore preferable to dis- 
solve arsenical compounds in hydrochloric acid, with the addition of a few 
small crystals of potassic chlorate, and to heat gently till no more chlorous odour 
is observable. 

The metal antimony forms with nascent hydrogen a combustible 
gas analogous to arsenietted hydrogen, called antimonietted hydrogen 
(antimonious hydride), SbHs. It is prepared by acting with dilute 
sulphuric or hydrochloric acid upon an alloy of three atoms of zinc 
and two atoms of antimony, thus : — 

SIhZn, + SSOsHoa = SSOsZno" + 2SbH3. 

Mixed with hydrogen gas it is obtained by introducing into a 
hydrogen apparatus a few drops of an antimony solution (SbCla, 
Sb02Ko, or tartar emetic). The hydrogen flame turns at once 
bluish green, and white fames of antimonious oxide, Sb203, ascend 
into the air. The gas has no odour and is not poisonous. On 
depressing a cold piece of porcelain into the flame, metallic anti- 
mony is deposited, and on heating the combustion tube, as in the 
case of the arsenic experiment, the gas is likewise decomposed into 
metallic antimony, which collects in the narrowed portions of the 
tube and forms a dull black mirror, and hydrogen, which escapes and 
can be burnt at the jet. 

Since the metallic mirror may consist either of arsenic or 
antimony, or of a mixture of the two metals (in which case, how- 
ever, the more volatile arsenic is deposited further away from the 
flame, and a part of the antimony is found anterior to the spot 
where the glass tube is heated), it is obvious that we must make 
farther experiments in order to distinguish the arsevdc from the a/nU- 
mony in the mirror. 

This can be done very readily — 

Ist. By adding to the mirror obtained on cold porcelain a concentrated solu- 
tion of bleaching powder, or of sodic hypochlorite {eau de Javelle) ; or by simply 
exposing the mirror to chlorine eas, evolved by treating a little bleaching powder 
with dilute hydrochloric acid : tne arsenical mirror is dissolved, antimony is not 
affected, thus : — 

As, + 5ClNao = ASjOt + 5NaCl. 

2nd. By passing a very slow current of dry sulphuretted hydrogen through the 
glass tube« containing the arsenic and antimony mirror, and applying a gentle 
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heat. The metals are converted into sulphides — arsenic into lemon-yellow ane« 
nious sulphide, and antimony into a hlack or partly orange-red antimonioua 
sulphide; and, if both metals are present, the two sulphides appear side by side: 
the former somewhat in front of the latter, AB2S3 being the more volatile of the 
two sulphides. On passing next a current of dry hydrochloric acid gas without 
the application of heat, antimonious sulphide disappears entirely, being converted 
into antimonious chloride, SbCls, which volatilizes in the current of hydro- 
chloric acid gas, and may be passed into water and tested by means of sul- 
phuretted hydrogen. Arsenious sulphide remains imafiected, even if the 
hydrochloric acid gas be passed over it for some time. The residuary ASsS] 
dissolves readily in hydric ammonic carbonate^ COHoAmo. 

Nascent hydrogen, generated by the action of a strong solution of potassio 
hydrate upon metfdlic zinc or aluminium, combines with arsenic to form AsHs, 
but not with antimony ; and the presence of arsenic may be readily recognized 
in a compound by allowing a jet of the gas to impinge against filter paper dipped 
in a solution of argeiitic nitrate, when a bluish black colouration, (AsAga), is 
produced even by small quantities of arsenietted hydrogen. (DiSTiNCTlOir 

BETWEEN As AND Sb). 

SbHs and AbHs can moreover be distinguished from each other by pass- 
ing a slow current of the mixed gases into a solution of argentic nitrate ; argentic 
oxide, acting the part of an oxicUzing agent, converts AsHs into ASjOs, thus :— 

AsHs + GNOaAgo + 3OH2 « Ags + A8H03 + GNOfHo. 

SbHs IB not acted upon in like manner. The oxidation extends only to the 
hydrogen of the SbBg, the metallic silver taking the place of the hydrogen, 
thus: — 

SbHs + SNOsAgo = SbAgs + 3NO2H0. 

The arsenious acid is separated by filtration from the SbAgj, and Ag. On 
cautiously adding to the filtrate a dilute solution of ammonic hydrate, a yellow 
precipitate of triaryentic arsenlte is obtained where the two layers of the 
ammonic hydrate and acid solution meet. 

The residue consisting of SbAgs and Ag is boiled with a solution of tartaric 
acid, when the antimonious argentide is acted upon with formation of soluble 
antimonious tartrate (?) silver being left behind. Filter ; acidulate the filtrate 
with dilute hydrochloric acid, and pass SH3. An orange precipitate indicates 
antimony. 

QUESTIONS AND EXERCISES. 

1. Which are the most important natural compounds of arsenic ? 

2. Translate into graphic formulffi the symbolic formula of realgar, orpimeni, 

copper nickel, smaltine, nickel ochre. 

3. G-ive evidences of the triad and pentad nature of arsenic. 

4. What changes does arsenic undergo when heated, 1st, by itself, in a cumnt 

of a neutral gas (CO3 or H) ; 2ndly, in contact with air ; 3rdly, in contact 
with chlorine ? 
6. How is metallic arsenic obtained from white arsenic P 

6. How can arsenious compounds be distinguished in the presence of arsenic 

compounds ? Give several methods. 

7. What action has SHj upon an acid solution of AsHos, and upon a solution 

of AbOHos ? 

8. Express by an equation the reaction which takes place when AJlA i* cU*" 

solved ; 1st, in NaHo ; 2ndly, in SAmj ; 3rdlv, in COHoAmo. 

9. What precipitates are produced when argentic mtrate is added to a neutral 

solution of an arsenite, or arseniate P 

10. Why is AsAgOa, in an ammoniacal solution, converted on boiling into 

AsOA-gOs? Express the change by equations. 

11. What is the action of SO^Mgo'', in an ammoniacal solution, upon arsenioui 

and arsenic solutions ? 
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12. Q-iye a few mBtanoes of the Nduoing action of anenious compouncU. Ex- 
press the changes by equations. 
18. Explain the oxidmng action of 01, Br, and I upon arsenious oompoundi. 

14. What takes place when metallic oovper is introduced into a dilute hydro- 

chloric acid sohition: Ist, of ASsOg; Sudly, of AS3O5 (Reinsch's 
test)? 

15. Explain under what conditions arsenic, as well as arsenious compounds aot 

as oxidizing agents. Q-ive examples, and express the changes by equa- 
tions. 

16. Explain why a portion of the arsenic only is liberated, when f^n arsenical 

sulphide is hrated with potassic cyanide. Give equations. 

17. Explam how the presence of tree sulphur, or the presence of certain metallic 

sulphides influences the reduction of arsenical compounds by potassio 
cyanide. Give equations. 

18. Explain the reduction of arsenical compounds by nascent hydrogen (Marsh's 

test), and show by equations the formation of ABH3. 

19. What change does AbHs undergo : Ist, when burnt in the air ; 2ndly, when 

passed through a tube heated in one or more places ; Srdly, when passed 
into a solution of argentic nitrate ; 4thly, when passed through concen- 
trated nitric acid ? 

20. Explain the formation of SbHs and state — Ist, what properties AsHs has 

m common with SbHg ; and, 2ndly, how it differs from the latter in its 
chemical deportment wiUi argentic nitrate. 

21. How would you distinguish between an arsenic and antimony mirror P 

22. State how arsenic can be separated — let, from antimony, 2ndly, from tin. 

23. 1*2 grm. of finely dirided gold has been obtained by boiling a solution of 

arsenious acid with AuCls ; how much ASjOs by weight did the 
solution contain ? 

24. Calculate the percentage composition of ammonicmagnesic arseniate, dried at 

100» C. (AaOAmoSfgo" + Aq.). 

25. How much SbHa gas by Tolume (at 0*^0 and 760 mm.), and by weight can be 

obtained by the action of dilute hydrochloric acid upon '6 grm. of the 
alloy SbsS^s? 



4. GOLD, Au' and '". — Qold is generally found native and is 
then readily recognized by its colour, malleability, and physical 
character generally. Gold occurs in anything like considerable 
quantities in combination only with the rare element tellurium. In 
small quantities it occasionally accompanies metallic sulphides. 

EXAMINATION IN THE DEY WAY. 

When heated on charcoal with sodio carbonate and borax in the 
reducing flame, gold compounds yield a yellow, yery malleable 
globule of metallic gold. 

To detect sold in argentiferous minerals in which it is present only in minute 
quantities, and associate with large quantities of other non-yolatile metals, tJie 
powdered mineral is fiised with borax and metallic lead, and the metallic button 
cupelled, as will be described under silyer. The globule of white metal which is 
len on the cupel is beaten out, and the silyer dissolyed by digesting with a 
little nitric acid in a small porcelain dish. The argentic nitrate is poured 
off, and the gold washed with distilled water. The Uack insoluble residue is 
once more fused on charcoal before the blowpipe, when it assumes the well- 
known appearance of fine gold. 
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Old silyer coins frequently contain a small quantity of gold, which, on dis- 
solring in nitric acid, is left as a black powder. 

When an insufficient quantity of silver is present in the button (which may 
be inferred from its pale yellow colour), from two to four times its own weight 
of silver should be fused up with it, and the button so obtained beaten out and 
then treated with nitric acid in order to separate or **part " the gold. — Method of 
assaying gold, 

EXAMINATION IN THE WET WAY. 

Gfold when unalloyed is soluble in aqua regia only, forming a 
SOLUTION OF AURIC CHLORIDE, AuCls, which may be employed for 
studying the reactions in the wet way. 

SH2 (ffroup-reasent) gives fr*om a cold solution a liUick preci- 
pitate of auric sulphide, iiLU2S3, from a boiling solution, a hrovmish 

/" A ll' \ 

precipitateof aurous 8ulphlde,iiLU2S= f »j^„>S" I. These precipitates 

are insoluble in hydrochloric and nitric acids, but dissolve in aqua 
regia. They are liewise insoluble in ammonic sulphide, but soluble, 
although with difficulty, in yellow sulphide, more readily in jellow 
sodic sulphide, forming a sulpho-salt, JLuNaSs. 

SAm2 and SSONao2, same precipitate. 

KHo or NaHo produces no precipitate. 

Am Ho produces from a concentrated solution of auric chloride a 
reddish yellow precipitate of ammonic aorate or ftilmlnating b«M, 

rirH2Ho 

(NH3)2Au203, or< 1^0 ,thus:— 

LirH2Ho 

2AUCI3 + 8AmHo = (NH3)2Au203 + 6AmCl + 60H,. 

The detection of gold is attended with no difficulty, owing to 
the facility with which auric chloride is reduced to the metallic 
state. Gold has little affinity for non-metallic elements ; and the 
compounds which it forms with them are readily broken up by heat 
alone, or on being brought in contact with bodies which have more 
affinity for the metalloids, leaving metallic gold in a finely divided 
condition, as a brown powder, which acquires metallic lustre when 
dried and rubbed in a mortar. Hence in auric chloride we possess a 
powerful oxidizing agent, as we have already seen under tin, anti- 
mony, and arsenic. The same oxidizing action is called into play, 
when iiLuCl3 comes together with solutions of SOHos, oxalic acid, 

r COTTn 

1 COH ' S^»^®^" ^^ r©"Cl2, CU2CI2, dissolved in hydrochloric add, 

WO 

-^Q^Hg2o", HOKo, sugar in an alkaline liquid, and many otiier 

organic substances (e.g,, the epidermis) ; arsenietted, antimonietted, 
and phosphoretted hydrogen decompose JLuCls likewise. 
The following equations express these changes :— 

(1) 2AliCls, when ignited splits up into Au^ + 801}. 

(2) A1I3S,, „ „ „ Au, + 8,. 
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(3) 2AnGl8 + SSOHos + 8OH2 » Ai^ + B&0^o^ + 6HC1. 

(4) 2Aua3 + 3 { QQ^l ^ Au, + eCOa + 6Ha. 

(5) 2A11CI3 + 6FeCls "= ^^2 + 3Fe2Cl«. 
^6) 2AuCl8 + eSOjPeo" = Au2 + Te^U + 2&s0^e^^, 

(7) 2AnCl3 + 3Cii3<^ls » Au3 + eCnClj. 

(8) 2AuClj + 35^«Hgjo" = Au2 + 3 Jg^go'' + BUgCi^. 

(9) 2AUCI3 + SNoko + 3OH2 = Auj + 3NO2K0 + 6HCL 

(10) 2Ana3 + 2AbH8 + dOH2 =» Au2 + 2ABH03 + 6HC1. 

(11) 2AUCI3 + SbH3 = Au2 + SbCls + 3H01. 

In the analysis of a solution containing gold, as well as some 
other metals of Gronp II precipitable by SH2, it is usual to first 
remove the gold in the metallic state, by boiling with oxalic and 
hydrochloric acids, before passing SH2. The precipitated gold is 
collected on a filter and ftised to a button on charcoal. 

Grold is precipitated from a hydrochloric acid solution of JLuCU 
by most metals, even by Pt, Ag, and Hg. 

QUESTIONS AND EXERCISES. 

1. How would you treat a silver coin containing a small quantity of gold, in 

order to extract this latter metal from it ? 

2. How is A11CI3 prepared ? 

3. Translate into graphic formuls the following constitutional formula, AnCls, 

AuS //An' 

AuS ^^ 

4. Describe how pure metallic gold is prepared from A11CI3, in the wet way. 

5. Explain the change which A1I3S3 undergoes, 1st, when gently heated in a 

bulb tube ; 2nd, when heated in a tube open at both ends. 

6. What reaction takes place when A11CI3 is brought together with bodies 

which hare any latent bonds left ? Give instances of such reactions and 
express the changes bj equations. 

7. How can gold be separated n-om an alloy of Au, Ag,. and Cu P 

8. 9*37 grms. of a gold mineral, when treated with aqua regia and reduced by 

FeClj, yield '53 grm. of metallic Au ; what is the percentage of gold in 
the mineral? 

9. How much chlorine gas, by weight and by volume, can be obtained by the 

ignition of 1'25 grm. of A11CI3 ? 
10. What action takes place when a piece of gold is suspended from the positive 
electrode in a bath of A11OI3, metallic copper forming the negative 
electrode P Explain the process of electro-gilding. 



5. PLATINUM, Pt" and »^.— This metal is found native, 
but more frequently alloyed with other metals. It is characterized 
by its infnsibility before the blowpipe, and is not acted upon 
by the usual fluxes. It can, therefore, only be examined in the wet 
way. 

Unalloyed platinum is not attacked by either nitric, hydrochloric, 
or sulphuric acid, but by aqtid regia (comp. page 87), with formation 
of platinic chloride, IPtCU. A solution op this salt is employed for 
studying the reactions of platinum. 
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SHa(sroiip-rMi8«iit) produces slowly a dark brown precipitate of 
platinlc dlsulpblde, VtSs. On heating, the precipitate forms quickly. 
It is insoluble in nitric or hydrochloric acid, soluble in aqua regia ; 
difficultly soluble in normal ammonic sulphide, more speedily in 
yellow sulphide, with which it forms a sulpho-salt, VtSAinsi* 
Heated out of contact with air, it is decomposed into IPt"S and S. 

SAms, same precipitate. 

IPtCl4 is interesting on account of the compounds which it forme 
with the chlorides of tke alkali metals (and with the chlorides of 
many organic bodies, e.g,, the so-called alkaloids, such as quinine, 
nicotine, etc.). 

Am CI produces a light yellow CTrystalUne precipitate of ammoiile 
platinlc cblorlde, 2AmCl,PtCl4. From dilute solutions a precipitate 
is obtained only after evaporation on a water-bath. The precipitate 
is somewhat soluble in water, insoluble in alcohol. 

KCl produces a yellow crystalline precipitate of potsMlc plattnle 
chloride, 2KCl,IPtCl4, analogous in its appearance and properties to 
the precipitate just described. 

NaCl forms with platinic chloride a double chloride, which is, however, 
soluble in water, and is obtained in needle-shaped crystals only after considerable 
evaporation. 

The precipitate produced by platinic chloride with AmCl and 
KCl serves for the detection and isolation of platinum, and vice versa, 
for the detection of ammonium or potassium compounds. (Comp. 
Chapter II, Part II.) 

Platinum is capable of forming a lower chloride, viz., platinous 
chloride, IPt"Cl2, in which the platinum acts as a dyad. This salt 
is obtained by heatinj? the platinic chloride for some time in an air- 
or oil-bath up to 204 C, as long as any chlorine is evolved ; or by 
acting with sulphurous acid upon a solution of platinic chloride, 
until the latter ceases to give a precipitate with ammonic chloride. 
IPtCU is a greenish grey powder, insoluble in water, but soluble in 
hydrochloric acid. 

Several reactions in the wet way for platinum are based upon 
the power, which its salts possess, of oxidizing other bodies which 
have some bonds left unsatisfied ; but as platinic salts are not so 
easily reduced as gold salts, a solution of the latter metal is generally 
preferred. After what has been stated under gold, the following 
reactions wiU be readily understood : — 

ytCU produces with SnCla only a dark brownish red colour, 
owing to the reduction of the platinic to platinous chloride. 

IPtCU is reduced by SOoFeo" only after long continued 
boiling. 

COTT ^ ^^ heat- 
ing, if the free acid be neutralized with sodic carbonate. 

Metallic zinc precipitates metallic platinum. 

It is obvious that platinous chloride could act as a reducing 
agent, but it is rarely employed for this purpose. 
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Wheneyer platinnin and gold are contained in a solution, together 
with other metals of Gbonp II, precipitable bv SH2, it is preferable 
to remove the gold, by means of oxalic acid (which does not reduce 
platinic chloride), before removing the platinum by evaporation 
with ammonic chloride. 

QUESTIONS AND EXERCISES. 

1. How is PtCli prepared P Give equation. 

2. How much metallic platinum is left when two grms. of PtSj are strongly 

ignited in a porcelain crucible ? 

3. How are 2AmCl,PtCl4 and 2£:Cl,PtCl| affected by heat P Express the 

changes by equations. 

4. How much Pt will be left, when 1*5 grm. of 2AmCl,PtCl4 are ignited ? 

5. Calculate how much potassic platinic chloride ought to be obtained from 

•521 grm. of KCl. 

6. How is PtCla prepared ? 

Separation of the metals arsenic, antimony^ and tin, whose suU 
phides are soluble in yellow anvmonic sulphide, or in sodic hydrate. 

The precipitate produced by the gronp-reagent SH2 is soluble 
in yellow ammonic sulphide, or in sodic hydrate, and may consist of 
three sulphides. If the precipitate be of a dark brown colour, it 
may be inferred that SnS is present. If it be of a fine lemon- 
yellow colour, the presence of arsenious or stannic sulphide may be 
inferred, if orange- coloured, antimony should be looked for. 

The three sulphides are unequally soluble in hydric ammonic 
carbonate. iiLS2S3 dissolves freely, SnSa very slightly, and Sb2S3 
is insoluble. On digesting, therefore, the precipitate with 
COHo Amo, and filtering, arsenic is obtained in the filtrate ; and 
antimony and tin are left in the residue. In order to separate the 
remaining two metals, the antimony is converted into antimonietted 
hydrogen, since tin does not form a gaseous compound with hydrogen. 
For this purpose the two sulphides are dissolved in hot hydrochloric 
acid, ana the solution of the mixed chlorides introduced into a 
Marsh's apparatus. Antimony is detected by the metallic deposit 
which SbHs gives on porcelain, insoluble in ClKao. Tin is found 
in the generating flask as a black powder. The greyish metal is 
removed from the undissolved zinc, dissolved in hot hydrochloric 
acid (by the aid of a little platinum foil), and the solution tested 
with mercuric chloride. A white precipitate of mercurous chloride, 
Bg»2Cl2, indicates the presence of tin. 

The separation of arsenic, a/ntimony, and tin, may thus be based 
upon — 

1. The solubility of JLS2S3 in hydric amnionic carbonate, 

2. The formation of antimonietted hydrogen, 

3. The precipitation of tin by metallic zinc. 

A tabular scheme, embodying this method of separation, will be 
found in Table II in the Analytical Tables at the end of the book. 
Several other methods of recognizing and separating the metals 
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tin, antiinony, and arsenic, will readily snggest themselyes. The 
student shotdd draw np tabular schemes, embodying the foUowin^ 
five methods. 

A method of separation of As, Sb and Sn, may be based upon : — 

1st. The oxidation of ^8283, SIhSs and SnS by concentrated 
nitric acid ; and the conversion of the three oxides (by fusion with 
caustic soda in a silver crucible) into sodic metantimoniate, arseniate 
and stannate. 

2nd. The insolubility of SbOaNao in water and alcohol 
(iLsONaos and SnONao2 being soluble). 

3rd. The conversion of AsONaos and SnONaos into iLSiSa 
and SnS, by means of sulphurous acid and sulphuretted hydrogen. 

4th. The volatility of ^8263 when heated in a current of dry 
SHs gas, SnS being non- volatile. 

5th. The absorption of the volatilized A82S3 in fk solution of 
sodic hydrate, oxidation by chlorine and precipitation as 
AsOAmoMgo". 

6th. The conversion of the non- volatile SnS into SnOs by 
ignition in air. 

Another method is based upon : — 

1st. The precipitation of arsenic and antimony in the form of 
sulphides, by boiling a hydrochloric acid solution of the three metals 
with sodic hyposulphite, tin remaining in solution. 

2nd. By boiling the precipitated A82S3 and SIhSs with hydrio 
potassic sulphite and sulphurous acid ; £LS2Si is converted into 
potassic metarsenite, Sb3S3 remains undissolved. 

A third method consists in : — 

1st. Removing the iiLS2S3, by boiling with hydric sodic sulphite 
and sulphurous acid ; the other two sulphides are not dissolved. 

2nd. The oxidation of the undissolved SlhS3 and SnSt with 
concentrated nitric acid and boiling with tartaric acid : SlhOi is 
soluble, Sn02 remains undissolved. 

A fourth method of recognizing arsenic, antimony, and tin, is 
based upon : — 

1st. The introduction of a solution (in HCl and KO3CI) of the 
three sulphides into a hydrogen apparatus, and passing the evolved 
arsenietted and antimonietted hydrogen through a solution of 
argentic nitrate ; the tin remains behind precipitated on the zinc. 

2nd. The solubility of the precipitated SbAg3 in tartaric acid, 
and precipitation of the antimony by means of sulphuretted 
hydrogen from a hydrochloric acid solution. 

3rd. The precipitation of the AsAgOs from the argentic nitrate 
solution by means of ammonia. 

A fifth method of recognizing the metals of Group IIb, de- 
pends upon : — 

1st. The insolubility of ILbSi in strong hydrochloric acid. 
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Sl>2Ss and SnS? being dissolyed. The presence of arsenic is con- 
firmed by fxision with potassic cyanide and sodic carbonate. 

2nd. The precipitation of the antimony on platinnm by means of 
metallic zinc ; a black stain indicates antimony. 

3rd. Dissolving the tin precipitated on the zinc in hydrochloric 
acid and confirming its presence by means of mercuric chloride. 

PRACTICAL EXERCISES AND QUESTIONS ON GROUP IIb. 

1. SHj produces a fine yellow precipitate, a portion of which is soluble in 

ammonic sulphide. What inference would you draw from this, and how 
would you examine both the solution and the residuary yellow sulphide ? 

2. Describe several methods for separating As from Sb. 

8. Examine some green paper-hangings for As (Scheele's green). 
4. Test a sample of commercial hydrochloric acid for As and Fe. 
6. Separate As from Sn in a solution of SnClj and A83O3, containing *500 
grm. of Sn, and '020 grm. of As. 

6. Analyze a solution containing *010 grm. of As and *100 grm. of Sb, by con« 

Terting the two metals into the respective hydrogen compounds. 

7. You have given to you a hydrochloric acid solution containing '200 grm. of 

Sn and '020 grm. of Sb ; also a strip of zinc and a piece of platinum foil. 
Describe how you would separate the two metals. 

8. Test a sample of iron pyritetf FeSj, for arsenic, in the dry and in the wet 

way. 

9. A precipitate consists of SbaSs and A82S3. Describe different methods of 

analysis, and state the possible causes of error inherent upon each method. 

10. Analyze a mixture of SnOj and Sbs04, both in the dry and wet way. 

11. You haye given to you a solution, containing potassic arsenite and arseniate. 

State how you would identify the two oxides of arsenic in the presence of 
each other. 

12. Test a solution of stannic chloride for stannous chloride. 

13. How can you detect traces of antimonic chloride in a solution of antimonious 

clUoride ? 

14. What are the changes which AS2S3, SbjSs and SliSj undergo, when they 

are treated with concentrated nitric acid and when the products of the 
oxidation are fused with caustic soda? 



Chapter VI. 

BEACTIONS OF THE METALS OF GROUP I. 

This group comprises the metals silver, lead, and mercury in 
the form of mercurons compounds, which are precipitated by dilute 
hydrochloric acid. 

1. SILVER, Ag'. — This metal occurs native ; also as sulphide, in 
silver glance^ SAga, and in combination with antimony, as sulpho- 
salt in trisulphargentic orthosulphantimonite, or dark red silver ore 
(pyrargyrite)y SbAgSj; with arsenic as trisulphargentic sulphar- 
senite, in provstite^ AsAgSs ; as chloride, AgCl, in horn silver, and 
other ores. 
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EXAMIKATION IN THE DRY WAY. 

Place a small quantity of powdered silver glcmce towards the 
middle of a hard glass tube (combiistion tubing of abont ^ inch 
internal diameter, cut with a sharp file into lengths of 5 to 6 inches, 
answers best). Heat the powder gradually by moving the tube 
about in a Bunsen gas flame, and lastly, heat it strongly towards the 
centre. By holding the tube in a slightly slanting position, a current 
of air is made to pass over the ignited sulphide ; Qie sulphur becomes 
oxidized and is carried off as sulphurous anhydride, readily recog- 
nizable by its pungent odour. Metallic silver is left, together with a 
little argentic sulphate 

Other volatile bodies, such as antimony, arsenic (selenium and 
tellurium), which are frequently present in pyritical silver ores, are 
likewise oxidized, but are to a great extent deposited as JLSsOs and 
SbaOa, in the cool part of the tube. 

Mix a little of the finely-powdered silver glcuace (or of the roasted 
ore) with sodic carbonate, and heat upon charcoal under the re- 
ducing flame of the blowpipe. A globule of bright metallic silver 
is left, which is, however, almost invariably contaminated with a 
little carbon. 

Silver ores which contain no other fixed element but silver, are 
reduced on charcoal to the metallic state by a simple fusion with 
sodic carbonate. Antimony and arsenic, if present, are readily vola- 
tilized, as metals, before the reducing flame. The sulphur combines 
with the alkali metal. 

Silver ores which contain non- volatile metals, snoh as copper, 
iron, etc., as in argentiferous fahl ore, and from which the metal 
silver could not be eliminated before the blowpipe flame, are treated 
in the following manner : — 

Mix '100 grm. of the finely-powdered ore with its own bulk of 
pounded borax glass ; wrap it up in a small piece of assay lead ;• 
introduce it into a cavity, made in a good piece of charcoal, and ftise 
under the reducing flame of the blowpipe, at first gently and after- 
wards more strongly. The heat is kept up till the whole mass has 
resolved itself into a metallic button and a clear glassy borax bead, 
which does not adhere to the charcoal. Should the metallic button, 
on cooling, present a dull grey surface, indicative of the presence of 
antimony, it is next heated in the oxidizing flame, until on cooling, 
it shows a bright, somewhat prismatic surface. It is then detached 
from the borax, cleaned by a blow with a hammer and carefoUj 
cupelled on some bone-ash (tricalcic phosphate, p202Cao"s), pressed 
into a shallow cavity in a piece of charcoal, the surface being made 
smooth and thoroughly concave with the round end of a pestle. The 
button is thoroughly freed from borax, placed in the cupel and heated 
in the oxidizing flame. The lead is oxidized and absorbed by the 
porous bone-ash, forming a mass of fused litharge around the 

* Lead free from silrer, prepared from plumbie acetate. 
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metallic bead. If one cnpellation does not yield a brilliant white 
globule of silver, i.e., if the copper has not been entirely removed — 
a fact which is indicated by a black colour, instead of the pale yeUow 
colour of the litharge, in the cupel — ^the oupellation of the button 
must be repeated in a fresh cupel, and the button, if necessary, 
re-melted with a small quantity of assay lead. The silver not being 
an oxidizable metal, is obtained in the metallic state. 

Small qiiantities of silver must be separated from lead (as well as 
fi:*om other metals), by cupellation. 

Fuse some finely powdered argentiferous galena^ PbS, SAgs (op 
PbAgSi), on charcoal before the reducing flame of the blowpipe, 
either alone or with sodic carbonate. A bead of an alloy 
of much lead and very little silver is left. Expose this 
bead on a small cupel (Fig. 84) to the oxidizing action 
of the blowpipe flame. The lead is oxidized and absorbed ^^ g^ 
by the cupel, metallic silver being left. 

Dried AgCl is mixed with dry CONaos in a small mortar, 
transferred to the charcoal and heated in the reducing flame of the 
blow-pipe. A button of metallic silver is left, thus : — 

(1) 2AgCl + CONaoa = 2NaCl + CO3 + + Ag,. 

EEACTIONS IN THE WET WAY. 

For the reactions of silver in the wet way we employ A solution 

OF ARGENTIC NITRATE, NOjAgO. 

HCl (ffroup-reasent), and soluble cUorldet (NaCl, etc.) give a 
white curdy precipitate of mrsentle cMorlde, AgCl, which turns 
violet on exposure to light. The precipitate is insoluble in water 
and dilute acids ; slightly soluble in concentrated nitric and hydro- 
chloric acids ; readily soluble in ammonic hydrate, potassic cyanide, 
and sodic hyposulphite; soluble also to a perceptible extent in 
concentrated hydrochloric acid and in saturated solutions of alka- 
line chlorides, more particularly when heated, whence the dis- 
solved argentic chloride is, however, reprecipitated on dilution with 
water. 

Collect the precipitated AgCl on a filter and dry oyer a sand-bath (see Fig. 69). 
Fuse a portion of the dried AgCl in a porcelain crucible over a small gas flame. 
The white powder fuses ; it undergoes a mere physical change, and leaves on 
cooling a hard mass, called horn silver. 

Place a small piece of zinc on the fused horn silver ^ and add a drop of dilute 
hydrochloric acid and a little water. A voltaic action is set up between the 
metallic zinc and silrer. The zinc removes the chlorine and leaves the metallic 
silver. Tlie same action takes place when the white curdy precipitate of argentic 
chloride is brought in contact with strips of metallic zinc. 

This forms a convenient method of recovering silver from silver residues. 

NaHo or KHo precipitates arireiitlc oxide, OAga, in the form 
of a broum powder^ which, on strong ignition, gives off oxygen and is 
converted into metallic silver. 

AmHo, when graduaUy added, precipitates argentic oxide, readily 
soluble in excess. 

SH2 precipitates bUick argentic tulplilde, SAga, from acid solu- 
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tions ; insoluble in dilute acids, in alkalies, alkaline sulphides, and 
potassic cyanide ; readily soluble in dilute boiling nitric acid with 
separation of sulphur. 

SAni2 (or any soluble tulplilde) precipitates from neutral solu- 
tions black argentic sulphide. 

HI or KI gives a yellowish precipitate of arsenlle Iodide, Agl, 
insoluble in dilute nitric acid ; almost insoluble in anmionic hydrate 
(distinction between AgCl AND AgBr). 

HBr or KBr gives a yellowish white curdy precipitate of arsratte 
bromide, AgBr ; insoluble in dilute nitric acid ; difficultly soluble 
in ammonic hydrate; readily soluble in potassic cyanide or sodic 
hyposulphite, decomposed by concentrated hydrochloric acid, with 
evolution of bromine vapour and conversion into AgCl. 

HCy or KCy gives a white curdy precipitate of argentic eyanlde, 
AgCy, soluble in excess of the reagent ; insoluble in dilute nitric 
acid ; soluble in ammonic hydrate, but reprecipitated by dilute nitric 
acid ; soluble in sodic hyposulphite. The precipitate is decomposed 
by concentrated boiling nitric acid; it is decomposed also when 
heated by itself in a porcelain crucible to paracyanide, metallic silver, 
and cyanogen gas (distinction from AgCl, Agl, and AgBr). 

Place a bright and clean strip of copper into a solution of 
argentic nitrate. The copper becomes rapidly covered with a 
lustrous coating of metallic silver ; and the solution, after a time, 
gives no more precipitate with hydrochloric acid. The silver is 
deposited on the copper in the metallic state, and the solution 
contains now W2O4CU0" : an equivalent quantity of copper (63*5 
by weight of copper for every 216 of silver) having been dis- 
solved. 

Place a smaU globule of mercuiy into a concentrated solution of 
argentic nitrate on a watch glass. The globule of mercury becomes 
rapidly covered >vith a crystalline mass, resembling some vegetable 
growth, termed arhorescence. After a time the whole of the silver 
becomes removed from the solution, and the solution contains in 
the place of the argentic nitrate, mercuric nitrate XfiOiHgo". 
Metallic silver is precipitated and forms with the mercuiy aa 
amalgam which is crystalline. This crystalline mass is termed a 
silver tree (^arbor Dianoi), 

Strips of the metals Zn, Fe, Sn, Sb, Pb may likewise be 
employed for the precipitation of metallic silver. 

These changes illustrate the action of the more electropositiye 
metals upon solutions of less electropositive metals, induced by vol- 
taic electricity. They come under the third class of chemical 
changes, viz., displacement of one elevient by another element. 

Take a clear solution of one part of grape sugar and 6—8 parts 
of distilled water, and a somewhat dilute solution of argentic 
nitrate. Heat the latter in a test-tube, nearly to boiling, and add 
the grape-sugar solution. The liquid becomes at once turbid, and a 
greyish wliite powder of metallic silver falls to the bottom ; or a 
yellowish wliite metallic deposit forms on the sides of the test-tube 
which, on rubbing with a glass rod, shows bright streaks of metallic 
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silver. The metallic silYer can be filtered off and fhsed on charcoal, 
before the blowpipe, to a brilliant globule. 

The canse of the reduction of the argentic salt most evidently be 
sought for in the grape sugar. We have seen that argentic oxide 
loses its oxygen readily on ignition. Certain organic substances, such 
as grape sugar, formic acid, and aldehyde, are known to combine 
eagerly with oxygen, and the OAg2 (in two molecules of HOaAgo) 
parts with its oxygen and yields a deposit of metallic silver. 

This reaction has found an important practical application in the 
manufacture of looking-glasses, etc. 

The silver in the argentic nitrate is displaced by hydrogen from 

the organic bodies, H02Ho being left in solution, CO2 and OHj — 

the two ultimate products of oxidation of organic matter — being 

formed by the oxidation of the organic substances. 

f CH 
Ignite a few crystals of argentic acetate, < ^r\\ in a covered 

porcelain crucible. Heat gently at first, and strongly, as soon as no 
more fumes are given off. A mass of frosted silver is left, having 
the shape of the original crystals. 

QUESTIONS AND EXERCISES. 

1. How is argentic nitrate prepared P 

2. Why do HCl, HI, etc., precipitate sLlTer from its solutions ? 

8. What change takes place when silver glctnce is roasted in a tube ? 

4. How is Ag separated from Fb in the dry way ? 

6. Write out the equations for the reactions of sLlTer in the wet way P 

6. Give the graphic formula for tUver glance, dark red silver ore, proutUte, and 

fahl ore, 

7. How much NaCl will be required to convert 1*6 grm. of NOjAgo into 

AgCl? 

8. A dilute solution of hydrochloric acid (containing '00365 grm. of the acid in 

one cubic centimetre of the solution) is precipitated with NO^AffO. 
How much AgOl by weight do we get from 150 c.c. of the acid boTu- 
tionP 

9. How much metallic copper is required to precipitate 1 grm. of argentic 

nitrate? 

{C3H 
COA o *^^ ^®^ 
much silrer will be left, when *451 grm. of acetate is ignited P 

11. How is argentic nitrate converted into sulphate, and how much of the latter 

salt can be prepared from 10 grms. of argentic nitrate P 

12. What change does AgOy undergo upon ignition ? 



2. LEAD| Pb" and *^. — Occurs in nature chiefly in combination 
with SULPHUR, as 7bS" in galena ; also as carbonate, in lead sjpa/r 
or white lead orej COPbo" ; as sulphate, in lead vitriol^ SOaPbo", in 

CO ' CO 

leadhillitey ^^ Pbo^Pbo", and in la/narkite, ^^ Pbo"a ; as OXT- 
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rPbCl 
CHLORIDE, in mendipite, S p^" ; as phosphate and oxychlobide, in 

IpbCl 



pyromorphitef PaOsPbo'^ I q^ Pb" J. 



EXAMINATION IN THE DRY WAY. 

The principal blowpipe reaction consists in reducing these 
minerals on charcoal to metallic lead, either by themselves, or in 
conjunction with sodic carbonate, or potassio cyanide, and in the 
yellow incrustation of oxide which they yield, which disappears 
when heated in the oxidizing flame, imparting a blue colour to the 
flame. The change which takes place when galena^ PbS, is heated 
with sodic carbonate in a crucible, out of contact with air, is ex- 
pressed by the equation : — 

7PbS + 4CONao2 = 4Pb + SPbNas, + SOaNao, + 4C0, ; 

Fusible slag. 

but when heated in contact with air, or in the presence of an 
oxidizing agent, such as saltpetre, the loss of lead in the slag is 
avoided, thus : — 

PbNafia + 70 + CONaoa = Pb + 2SOJ^aoa +. CO, 

When galena is roasted in a glass tube open at both ends, it is 
converted into SOjPbo", PbO and SOj, thus : — 

(1) PbS + 04 = SOjPbo". 

(2) PbS -f 0, = PbO + SO,. 

With borax and microcosmic salt, lead compounds give in the 
outer flame a clear yellowish glass (owing to the combinataon of the 
PbO with the boric or phosphoric acid, and formation of a sodio 
plumbic borate or phosphate), which is colourless when cold. 

All lead iniiierals, espeoiaUv the antimonial sulpho-salts, bouUmt^enie, SbiPbtfa^ 
houmonite, &biVWi(Cu^"^Y\ jamesontte, Sb4S3PbB'TbB''s, aod mymU^lnramB 
ffolena contain more or less silyer, as may be ascertained by carefully oupdUng 
the metallic button on charcoal (comp. silver, page 222). 

The presence of antimony, arsenic, and sulphur reveals itself, when these oree 
are heated on charcoal (garlic odour and fumes of ASjOj, or SbsOj), or in a 
glass tube open at both ends (white sublimate, fiimes and odour of SOj). 

REACTIONS IN THE WET WAY. 

For the reactions of lead in the wet way we emplov either ▲ 
SOLUTION OF PLUMBIC NITRATE, jffQ^Pbo", or acctate ( I CO )*^^" » 

most other plumbic salts being insoluble in water. 

HCl (vronp-remsent) or solnble cUorldes g^ve, with a not too 
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dilute solution of plumbio Mlta, a heaw/ tohUe precipitate of plnmble 
chloride, 7bCl2, soluble in much cold water, readilj in boiling 
water, from which the plumbic chloride crystallizes out, on cooling, 
in fine needles ; less soluble in solutions containing dilute hydro- 
chloric or nitric acid. Ammonia converts it into a basic salt, of the 
composition, PbHoCl (plumbic chlorohydrate), — a white powder 
almost insoluble in water. 

NaHo or KHo precipitates plmnlilc hydrate, PbHo^, soluble in 
excess of the reagent, especially on heating. The 7bHo3 must be 
viewed as acting the part of a weak acid, on combining with the 
strong alkali base. 

AmHo precipitates a white basic salt, insoluble in excess. The 
precipitate forms only slowly in a solution of plumbic acetate. 

SHj precipitates black plumbic sulphide, 3?bS, &om acid solu* 
tions. If a large excess of hydrochloric acid be present, the pre- 

rPbCl 
cipitate is reddish 5r(n«?n, consisting of < S , (diplumbtc sulpha 

[PtoCl 
dichloride). On diluting considerably with water, a black precipitate 
is obtained. 

SAms or soluble sulphides precipitate likewise black PbS, in- 
soluble in dilute acids, alkalies, and alkaline sulphides. Plumbic 
sulphide is soluble in hot dilute nitric acid, plumbic nitrate being 
formed with separation of sulphur. Concentrated nitric acid con- 
verts it into S02Pbo" ; the oxidation extends to the sulphur as well 
as to the lead. 

SO3H02 and soluble sulphates precipitate white plumbic sul- 
phate, SOaPbo", insoluble in water, especially in the presence of 
excess of dilute sulphuric acid ; insoluble also in cold dilute acids, 
soluble in boiling hydrochloric acid, from which plumbic chloride 
crystallizes out on cooling ; soluble in potassic hydrate, and, lastly, 
readily soluble in concentrated solutions of certain salts, such as 
ammonic acetate, or tartrate, in the presence of excess of ammonio 
hydrate, from which solutions SOaHo?, SAmg, or CrOsKoa, pre- 
cipitate the lead again. BoUing with sodic carbonate converts 
SOaPbo" into insoluble COPbo". Plumbic sulphate separates 
from dilute aqueous solutions only on the addition of alcohol 
(methylated spirit). 

CrOaKoa precipitates yellow plumbic chromate, CrOaPbo" 
(chrome yellow), readily soluble in potassic or sodic hydrate ; diffi- • 
cultly soluble in dilute nitric acid, insoluble in acetic acid. 

CONaoa, as well as COK03 and CO Amo^, give a white precipitate 
of a basic carbonate (white lead) of varying composition, usually 
considered to contain two molecules of plumbic carbonate and one 

molecule of plumbic hydrate, viz., cQ/opbHo) ^" (^i^^^^iWc 

dihydrate carbonate), insoluble in water and in potassic cyanide. 

KI gives a yellow precipitate of plumbic iodide, Vbia, soluble 
in excess of the reagent ; also soluble in much water, from which it 
separates, on cooling, in beautiful golden yellow scales. 

Q 2 
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KC J precipitates white plambte eyanlde, VhCjz, insolable in 

excess, soluble in dilute nitric acid. 

Soluble phosphates^ arsemtes and arseniates, silicates^ borates, oxalates^ tarU 
rateSy citrates^ ferro- and ferricyanides give precipitates with plumbic salts, 
which are insoluble in water, but soluble in dilute nitric acid. These precipi- 
tates possess, however, only a secondary interest. 

Metallic iron or zinc precipitates lead from its salts. This is seen verj 
strikingly on dissolving a few ounces of plumbic acetate {suffar of lead) in dis- 
tilled water, with the addition of a little acetic acid, and suspending in the 
solution a piece of zinc from a thread. The zinc becomes covered with a 
beautiful crystalline deposit of metallic lead, which increases rapidly, if the solu- 
tion be left undisturbed, and acquires the appearance of a branch of a tree 
(arbor Satumi). The metallic structure can be preserved for days in unaltered 
beauty. On removing the precipitated lead from the piece of zinc, the latter is found 
much corroded and considerably diminished in size and weight. The lead may 
be collected on a filter and washed with water, dried and fused in a crucible, 
under a covering of borax, to a bright metallic button. A quantity of zinc, 
atomically equivalent in weight to the precipitated lead (»*.«., 65 parts by weight 
of zinc for every 207 of lead) must have dissolved, and is found in the solution, 
in the form of zincic acetate. The atomic weights of Zn (65) and Pb (207) can 
be determined roughly, by weighing the metallic zinc, before and after immer> 
sion, as well as the precipitated lead. 

Heat a little red leadi^\i,f>^y in a small porcelain crucible. The colour changes 
to yellow. Repeat the experiment by heating another portion in a test-tube, 
to which a delivery-tube is attached. A gas is given off, which may be collected 
in the usual manner over water. The residue is dark yellow, and on cooling 
turns bright yellow. It consists of plumbic oxide, PbO {Utharge), and the gas 
is oxygen, as can readily be ascertained, by introducing a glowing splinter of 
wood into it, Fb304 = 3FbO + O. 

Treat a little Pb304 with dilute hydrochloric acid in a test-tube, and heat 
gently. A greenish yellow gas comes oflf, and the red lead dissolves to plumbic 
ohlonde. The gas is readily recognized by its odour as chlorine ^— 

FbaO^ + 8HC1 = 3FbCl2 + Clj + 40H,. 

Treat another portion of red lead with dilute nitric acid. The red colour 
changes to brown — the colour of plumbic dioxide, FbOj. The reaction is ex- 
pressed by the equation — 

Fb304 + 4NO2H0 = 2 5o^^®" "^ 'BhOt + 20H,. 

Lead can thus combine either ^vnih. one or two atoms of oxygen to form FIK) 
or FbOa ; it can exist in the dyad or tetrad condition (Pb" and Pb*'^), and red 
lead is obviously comjwsed of two oxides of Fb^^Oj + 2Fb"0. The plombic 
dioxide in red lead yields the oxygen. It is written graphically : — 

Fb'^Pbo"2 - Pb/5 (Triplumbic t«troxide). 

The minerals platinerile^ FbOa, and minUnn, Fb304, represent the corre- 
sponding natural oxides. 

It is evident from the above experiments, that lead occurs more frequently in 
tlie dyad than in the tetrad condition. 

8O3H0S forms with FbOj a sulphat-e, oxygen being given off. 

FbO) absorbs sulphoroiu anhydride abundantly, forming SOsPbo''. 
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HCl liberates chlorine from plumbic dioxide. 

Miniumt or red lecid^ and the brown plumbic dioxide are powerful oxidizing 
agents. They furnish us likewise with ready means for preparing chlorine 
gas. 

QUESTIONS AND EXERCISES. 

1. Calculate the percentage composition of plumbic acetate. 

2. How much oxvgen by weight and by volume (at 0° C. and 760 mm.) can 

be obtained irova. 80 grms. of red lead I 

3. Write out the symbolic equations for the reactions of lead in the wet way. 

4. How can Pb be separated from Ag, in the wet way ? — Ist, by using hydro- 

chloric acid ; 2nd, potassic cyanide ; 3rd, sulphuric acid, as a precipitant. 

5. Give graphic formulae for white lead^ red lead, plumbic acetate, mendipitey 

plumbic chlorohydrate, plmnbic nitrate and chromate, diplumbic sulpho- 
dichloride. 

6. How much HCl by weight will be required to decompose 10 grms. of red 

lead ; and how much chlorine gas will be evolved — 1st, by weight ; 2nd, 
by volume at 0° C. and 760 mm. pressure ? 

7. How would you separate Pb and Sb in type metal ? 

8. Describe how you would analyze an alloy of 5 parts of lead, 3 parts of tin, 

and 8 parts of bismuth, a so-called ^Wid^ alloy melting at 98 C. 

9. Calculate the percentage composition of Pb4Sb (type metal). 



3. MERCURY.— (MercnrosTim) Hg,". 

We employ a solution of mercurous nitrate, jwo^Sgao". 

HCl (sronp-reasent) or solnble cbloridei give a white precipitate 
of mereuroni chloride, 'Bg'2Cl3 (calomel), which is insoluble in 
dilute acids and is blackened by KHo or AmHo, the latter converts it 
into 'Bg'30 and mercurosammonic chloride, XTHj 'Hg'jCl. Mercurous 
is converted into mercuric chloride by the addition of chlorine water. 
Concentrated hydrochloric acid converts it, upon long-continued 
boiling, into BgCls and grey metallic mercury. Nitric acid oxi- 

dizes it readily into BgCU and ^r\^g^"i with evolution of nitrous 

fumes. Dry 'Bg'2Cl2 sublimes unchanged. 

NaHo or KHo gives a black precipitate of mercuroiu ozldey 
'Bg'20, insoluble in excess. 

AmHo produces a black precipitate of baste dlmercurosaiiiinoiile 
nitrate, thus : — 

25g^Hg2o" + 4AmHo = K203'Hg'2o" [^ 'Hg'.O,]" 

Basic dimercurosammonic nitrate* 

+ 21f 02Amo -h 3OH2. 
insoluble in excess. 

SH2 precipitates bhick merenroiu sulphide, 'Bg'2S, insoluble in 
excess or in dilute acids ; soluble in aqua regia or in yellow potassic 
sulphide. When boiled with concentrated nitric acid, the second 

atom of mercury in 'Hg'2S is converted into jqiQ*Hgo'',and a white 

compound of mercuric nitrate and sulphide is formed — 



(5o?go"^H«S ) 
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SAnis prodnces the same precipitate. 

A clean strip of metallic copper precipitates from mercnrons 
solutions metallic mercmy, cupric nitrate being left in solution. On 
gently rubbing the greyish deposit with a piece of wash-leather, the 
surface becomes bright and shining like silver. The more electro^ 
poeUive metals^ Cu, Cd, Zn, Fe, Pb, Bi, predpUate the lees elecbro- 
positive metal Hg. 

SOH02, SOaFeo", or SnClf produces a grev precipitate of 
metallic mercury. On decanting the liquid and boiling the grey 
deposit with hydrochloric acid, distinct metallic globules are obtained. 
The changes may be expressed thus : — 

Jg»H^:K)" + SOHo, + OH, = 2Hg + 2KO3H0 + SOaHo,. 

3 J^Hgjo" + 6S0,Feo" = 6Hg + 2(S02)3Fe,o^ 

-H (K02)«Fe20^. 

J§*Hg,o" + SnCl, + 2HC1 =; 2Hg + SnCl« 

+ 2ir02Ho. 

Mercurous «a]ts act tfess ihe part' of oxidizing cbgente, when coming 
in contact with more powerful reducing agents : a property which 
in conjunction with the reducing action which they exert under 
favourable circumstances, proves clearly that the double atom 'Hg', 
possesses but little chemical affinity for other elements, and tha^ the 
compounds which it forms are rather unstable, 

QUESTIONS AND EXERCISES. 

1. Write out the graphic fofrmuls of calomel, mercurous nitrate, mercuroiu 

oxide, mercurosammomc chloride, basic dimercurosammonic nitrate. 

2. *Write out equations for the reactions which mercurous compounds giye in the 

wet way. 
t. flow can merevvouB cUoride be conyerted into mercuric chloride P Giye 
equations. 

4. How much ccdomel <*can be manufactured from 20 lbs. of metallic mercury ; 

and how much SOsHoa and NaCl by weight will be required ? 

5. Bxjplain the action of metallic mercury upon mercurous nitrate. 

6. What is the action of boiling nitric acid upon Hi^^S ? 

7. In what manner can B|r^ls and BflTsOl] be dbtingui^hed from each other by 

the reactions in the dry way ? 

8. State under what conditions mercurous salts play the part of oxidizing, 

or that of reducing agents. 

A method of separating the metals of Gh*oup I will readily 
suggest itself, and «. tabular analytical scheme may be drawn up 
without much difficulty, if we bear in mind : — 

Ist. The solnhiliiy of PbCla in boiling waier. 

2nd. The solubility of AgGl in AmHo. 
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3rd. The cowoersion of the BgaCls into black NHa'Hgs'Cl by the 
action of AmHo, 

Table I in the Analytical Tables at the end of the book embodies 
this method of separation. 

PRACTICAL EXERCISES AND QUESTIONS ON aROUP I. 

1. Test a sample of galena for silver in the dry way. 

2. Analyze a sample of ruby silver in the dry and in the wet way. 

8. You haye given to you someprecipitated argentic chloride, dilute HCl, and 
a strip of metallic zinc. How would you prepare pure metallic silver P 

4. Analyze a solution, containing -010 grm. of Ag, as NOjAgo, '100 grm. of Hg, 

as KjO^Hgao" and -010 grm. of Pb, as K204Pbo". 

5. Describe what takes place when a solution of argentic nitrate, containing 

about '010 grm. of Ag, is added to a hot saturat^ solution of KCl. 

6. You have given to jou a mixture of red lead and calomel. MThat takes place 

when the mixture is treated with HCl ? 

7. Analyze a mixture (about *050 grm.) of white arsenic and corrosive sublimate, 

both in the diy and wet way. 

8. Test a commercial sample of BaClj for lead. 

9. Test a sample of white lead paint for impurities, insoluble in dilute nitric acid, 

and examine the acid filtrate by the respective group-reagents. 
10. Prepare some pure JXO^kgo from an alloy of copper and silver. 
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REACTIONS OF THE ACIDS. 

A. Inoroanio Acids. 

CARBONIC ANHYDRIDE^ CO,.— Occurs in the atmosphere 
and in mineral waters. In the combined state it forms a constituent 
of many minerals, called carbonates^ which haye for the most part 
been enumerated, in speaking of the natural compounds in which 
the different metals occur. 

BEACTIOKS IN THE DBY WAT. 

On ignition some carbonates undergo changes, others remain 
unchanged. The carbonates of the fixed alkali metals are not de- 
composed by the strongest heat. The carbonates of all other metals 
are decomposed more or less readily into oxides (or metals), carbonic 
anhydride (and oxygen) being given off. Baric and strontic carbon- 
ates require the strongest white heat for their decomposition ; calcic 
carbonate requires a strong red heat. All the others are readily de- 
composed on heating. The evolved carbonic anhydride is a colour- 
less and almost odourless gas, heavier than air, and can be poured 
firom one vessel into another. When poured or passed into a test- 
tube containing lime- or baryta-water, a white precipitate is ob- 
tained, owing to the combination of the jcsarbonic afihydjide with the 
caustic alkaline earthy bases. 
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REACTIONS IN THE WET WAT. 

All normal carbonates may be divided into — 

1st. Carbonates which are soluble in water, consisting of the 
carbonates of the alkaU metals and possessing an alkaline 
reaction. 

2nd. Carbonates which are insoluble in water, a few of which are, 
however, soluble in carbonic anhydride, with formation of 
acid carbonates, sach as the carbonates of Ba, Sr, Ca, Mg, 
Fe", Mn". 

All carbonates are decomposed by dilate acids, — organic or 
mineral (with the exception of HCy and SH2). The decomposi- 
tion is marked by strong eflPervescence and evolution of CO2. (A 
few native carbonates, such as spathose iron ore, and dolomite^ 
require the application of heat.) On passing the evolved gas into 
a solution of caustic lime or baryta, the carbonic anhydride becomes 
once more fixed, and the formation of a white precipitate (soluble 
in excess of the gas) confirms the presence of CO3. 

Metallic sulphites, sulphides, and nitrites are likewise decomposed by dilate 
acids with eyolution of a gas ; but the eyoWed SO], SHj, or of jOj gases an 
readily recognijsed by their characteristic odour or colour. In order to recognise 
GO3 in the presence of 8O3 or SH^, the gaseous mixture is first passed into a 
solution of an alkaline chromate mixed with an acid, or into bromine water, 
or a solution of a cupric or ferric salt, and then through lime- or baryta- water. 

QUESTIONS AND EXERCISES. 

1. How would you prove experimentally the presence of carbonic anhydride, 

1st, in spring water ; 2nd, in atmospheric air ; 3rd, in white lead ; 4th, in 
coal gas? 

2. Classify all metallic carbonates according to their respectiye deportment, 

Ist, on iffnition ; 2nd, on treatment with water ; 3rd, in contact with 
excess of CO2. 
8. What change takes place when tartaric acid and hydric potassic carbonate 
are mixed together ? 

4. G-ive instances of normal and acid carbonates. 

5. Which is the most characteristic reaction for GO3 ? 

6. How would you recognize the presence of GO3 in a gaseous mixture, contain- 

ing 8O3 and OO3, or 8H3 and OO3 ? 

7. How much OO3, by weight and by volume, can be obtained from 1*235 grm. 

of OOCao" ? 

8. What change takes place, 1st, when a current of GOs is passed through cold 

water in which finely divided chalk is suspended ; and 2nd, wlran the 
liquid is heated to boilinff, subsequent to the passing of the gas ? 

9. Explain the occurrence of VO3 in mineral waters and in atmospheric air. 

10. Explain the effect of boiling upon most spring waters. 

11. What is the usual composition of boiler deposits, and how would joa pro- 

pose to prevent them ? 

12. Explain what is meant by temporary hardneu in waters. 



SULPHURIC ACID, SO3H03.— This is one of the moet 
powerfol acids, for it is capable of displacing, in the wet way (with 
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few exceptions), all other acids from saline compounds. It forms 
with bases a series of very important salts, — the sulphates, most of 
which have already been enumerated on treating of the natural com- 
pounds of the various metals. 

BEACTIONS IN THE DRY WAY. 

On heating a sulphate on charcoal, in the reducing flame, 
together with CONaoj (free from sulphate), sodic sulphide is 
formed, thus: — 

SOjMgo" -h 20 + CONaoj = SNa^ + MgO -H 3C0». 

The fused mass gives off SH3, when treated with a strong acid 
(HCl), readily recognized by its odour. When placed on a bright 
silver coin and moistened with a drop of water, it produces a black 
stain of argentic sulphide. This reaction applies, however, to all 
sulphur acids, without exception, and it is impossible to prove 
thereby the presence of SO3H03 any more than that of some other 
(lower) oxide of sulphur. 

Heated by themselves, the sulphates of the alkalies and alkaline 
earthy metals, as well as of lead, are not decomposed. All other 
sulphates become decomposed more or less speedily on ignition, 
giving off sulphuric or sulphurous anhydride and oxygen, according 
to the nature of the metal, e.g,: — 

2S02Feo" = Pe^Os + SO3 + SO2. 
SO3CU0" = CuO -h SO3 + O. 

REACTIONS IN THE WET WAY. 

A SOLUTION OP POTASSic SULPHATE, S02Koa, may be employed. 

Sulphuric acid forms normal and acid sulphates, which are 
mostly soluble in water, the exceptions being baric, strontic, calcic, 
and plumbic sulphates. (A few basic sulphates are insoluble in 
water, but soluble in acids.) 

BaOla or If aOiBao" gives a white finely divided precipitate of 
barle sulphate, SOsBao", insoluble in dilute acids. Oare must be 
taken not to have too much free hydrochloric or nitric acid present, 
lest any of the baric salts be precipitated : baric chloride and nitrate 
being much less soluble in strong acids than in water. K a very 
dilute solution of a sulphate has to be precipitated, the solution 
should be heated to boiling, and allowed to stand for some time 
after the addition of the baric salt. 

This reaction distinffmsheB 8O3H03 from all other acids, except hydro- 
fluoflUicic acid, 2HF, BIF4, and selenic acid, SeOsHo^, which also form 
insoluble baric salts. 

Soluble salts of strontium, calcium, and lead produce white precipitates of 
■trvntle, ealdc, and plnmbtc •ulphates, which are more or less soluble in 
large quantities of water : SOjCao" being the most soluble (500 parts of water), 
SOjSro" dissolving in 9,000 parts of water, and SOoPbo" in 22,000 parts of 
water only. • 

Since bario salts answer ereiy purpose, recourse is rarely had to these 
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readionB in order to detect sulphuric acid. The addition of alcohol (soeUijl^t^d 
§pirit), ensures the complete precipitation of strontic, calcic, and i^umhic 
sulphates. Most soluble sulphates can, in fact, be precipitated from their 
aqueous solutions by the addition of strong alcohol. 

In order to detect free sulphuric acid, by itself, or in the presence of a sul- 
phate, the solution is evaporated to dryness on a water-bath, together with a 
little cane sugar. A blackened or charred residue indicates free sulphuric add, 
as no other acid is capable of decomposing cane sugar in like manner. 

An insoluble sulphate can be decomposed by continned boiling 
with a concentrated solution of an alkaline carbonate ; more readilj, 
however, by fusion with alkaline carbonates (fusion mixture), into 
a soluble alkaline sulphate, and an insoluble carbonate or oxide of 
the metal, thus : — 

2S02Bao" -h CONao2,COKo3 = S02Nao,,SOaKo2 + 2C0Bao". 

2S02Pbo" + CONao2,COKo, = S02Nao2,SO,Koa + 2FbO 

+ 2CO2. 

The fused mass is extracted with boiling water, and the insoluble 
carbonate or oxide separated by filtration from the soluble alkaline 
sulphate. The residue is examined as usual for base, and the solu- 
tion for sulphuric acid, by acidulating with dilute hydrochloric acid 
(in order to destroy the excess of alkaline carbonates), and adding 
BflCl2. Calcic sulphate dissolves in ammonic sulphate and excess 
of AmHo ; plumbic sulphate in ammonic acetate or tartrate, or in 
sodic hyposulphite.. 

QUESTIONS AND EXERCISES. 

1. Classify all metallic sulphates according to their solubility in water. 

2. How are metallic sulphates detected, in the dry way P 

3. Explain the action of heat upon the different metalUc sulphates. 

4. How is free sulphuric acid detected ? 

5. How would you detect a soluble sulphate, in the presence of free snlphnric 

acid ? 

6. Describe shortly in what manner SOsBao'^ SOgSro", SOjCao'^^ and 

802Fbo'' differ from each other with regard to their solubility in water. 
and their respective deportment TiHith various other solvents. 

7. How are insoluble sulphates examined qualitatively ? 

8. 1*648 grm. of a sample of soda-ash yielded '234 grm, of SOfBao" j what is 

the percentage of sodic sulphate in the ash ? 



SULPHUROUS ACID, SOHo,.— Obtained as gaseouB an- 
hydride, SO3, whonover sulphur is burnt in air or oxygen, or when 
metallic sulphides (jpy rites, blende, galetia, etc.), are roasted with 
free access of air ; also by the partial deoxidation of sulphuric acid 
by means of metals, such as Cu, Hg, Ag (comp. Exp. 64), of char« 
coal and various organic bodies, of sulphur, etc. The gas is readily 
soluble in water, forming sulphurous acid, SOHo^, which combines 
with bases, and forms a series of salts, normal or acid, termed 
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enlphites : ooinpoands strongly characterized by the tendency which 
they exhibit to absorb oxygen and to become converted into sul- 
phates. This property causes SOHoa, or sulphites, to be of consider- 
able interest. 

EEACTIONS IK THE DBY WAY. 

Sulphurous anhydride is recognized by its characteristic odour, 
the odour of burning sulphur. It combines readily with metallic 
peroxides, such as M11O2, PbOj, with formation of manganous and 
plumbic sulphates. In order, therefore, to remove SO2 from a 
gaseous mixture, the latter is usually passed over Pb02. 

Many solid sulphites are decomposed by heat into sulphates and 
sulphides, thus : — 

4SONao3 = SSOaNaos + SNa^. 

The earthy sulphites break up into oxides and sulphurous an- 
hydride. 

REACTIONS IN THB WBT WAY. 

A SOLUTION OP sODic SULPHITE, SONsoa, may be employed. 

Sulphites are examined by liberating sulphurous anhydride by 
means of strong sulphuric or hydrochloric acid, the gas being readily 
recognized by its characteristic pungent odour. 

The only sulphites soluble in water are the alkaline sulphites. 
Normal baric, strontic, calcic, and magnesic sulphites are insoluble 
in water, but are dissolved, to a great extent, by a solution of sul- 
phurous acid, with formation of acid sulphites, from which the 
normal salts are reprecipitated on boiling. They are also soluble in 
dilute hydrochloric acid (with partial decomposition) ; but on the 
addition of an oxidizing agent, such as chlorine water, free iodine, 
sodic hypochlorite, nitric acid, etc., they are immediately precipitated 
as insoluble sulphates (S02Mgo" excepted). 

Sulphites generally contain sulphates. A precipitate consist- 
ing of baric sulphate is, therefore, frequently obtained on adding 
BaCla to an acidulated solution of a soluble, or to a dilute hydro- 
chloric acid solution of an insoluble sulphite. 

On filtering off the precipitate, and adding chlorine water to 
the filtrate, a further precipitate is obtained, showing the presence 
of a sulphite. 

Traces of Bulphurous acid are distinguished with difficulty by the odour alone, 
and it ia preferaole, therefore, to make use of the deoxidizing, as well as oxidizing 
action which the acid can exert. 

1. Sulphurous add acts as a powerful reducing agent. 

IVOsAgo gives with sodic sulphite a white precipitate of aryentte •ulphltey 
SOAgos) soluble in excess of the alkaline sulphite, which blackens on heating, 
owing to the precipitation of metallic silver, and conversion of the 8OH03 into 
SO3H03, according to the equation : — 

SOAgOa -f OHa « Ag^ 4- 80sHo2. 

lV20^gso'' produces a grey precipitate of metallte mercurj, thus :-*- 

SOHgao" + OHj = Hg2 + SOaHo^. 
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The instances of the reducmg action of sulphurous acid are Tei7 numerouB ; 
we need only refer here to its action upon solutions of A11CI3, ChrOsHoj, 
yCjCle, and others, already noticed under the respective metals. 

2. Under fEtvourable circumstances sulphurous acid custs as an oxidizing agemi, 
especially when brought in contact with other more powerfkl reducing agents, 
such as nascent hydrogen, SHj, SnClj, etc. Thus, by introducing the least 
trace of SOH03, or a siUphite, into a flask, in which hydrogen is generated from 
zinc and hydrochloric acid^ SHj is immediately evolved, together with the 
hydrogen, and may be recognized by its odour and action upon lead paper. Tho 
change is expressed as follows : — 

8O3 + 3H3 = 8H3 + 2OH3. 

8O3 and SH3 give rise to the formation of pentathionic acid, < S' 3 
with precipitation of white sulphur, according to the equation : — 



r SO3H0 
SOsHo 



5S08 + 5SH3 = «! Ss +85 + 4OH3. 



Sulphurous acid added to stannous chloride in the presence of hydrochloric 
acid, gradually precipitates yellow SliSs- The hydrogen of the HGl acts as 
the reducing agent, and is detached from the chlorine by the simultaneous action 
of the SnCls and SO3, the one eager to combine with chlorine, the other capable 
of yielding oxygen to the hydrogen, to form water, and ultimately sulphur, to form 
8H3, which in its turn acts upon the stannic chloride, SnCli (or SnCls) to 
form yellow stannic sulphide, S11S3 (or broTvn SnS). The following equations 
express the changes : — 

(1) SOH03 + SSnCla + 6HC1 = 3SnCl4 + SH, + 30H,. 

(2) SnCU + 2SH3 = SnSa + 4HC1. 

Yellow 
stannic sulphide. 

QUESTIONS AND EXERCISES. 

1. Describe different methods of preparing sulphurous anhydride. 

2. How would you prepare normal and acid potassic sulphite ? 
8. What is the action of heat upon sulphites ? 

4. Which sulphites are soluble and which are insoluble in water? 

5. Give illustrations of the reducing action of sulphurous acid or of soluble 

sulphites. 

6. Explain under what circumstances 8O3 can act as an oxidizing agent ; give 

instances of such action. 

7. How would you distinguish SOHos, in the presence of SOsHoa ? 

8. What changes take place when a mixture of dipotassic dichromate and sodio 

sulphite is treatea with concentrated HCl ? Give equations. 

9. How would you fix the SO3, produced by the combustion of carbonic 

disulphide contained in coal gas ? 



HTPOSULPHUROUS ACID, SSOHo, (a^ilpho-mlphuric 
acid), — This acid has never been obtained in the free state. Com- 
bined with soda it forms an important salt, viz., sodic hyposulphite 
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(the hypo of the photographer), obtained by boiling a solution of 
sodic sulphite with sulphur, or by the oxidation of an alkaline per- 
sulphide in contact with the air. 

REACTIONS IN THE DRY WAY. 

All hyposulphites are decomposed on ignition. Alkaline hypo- 
sulphites leave a polysulphide and a sulphate, thus : 

4(SSONao2) = SjNa, + SSOjNaoj. 

Others yield sulphides or sulphates with evolution of SO2, owing to 
the oxidation of a portion of the sulphur. 

REACTIONS IN THE WET WAY. 

A SOLUTION OP SODIC HYPOSULPHITE, SSONao2, is employed. 

Most hyposulphites are soluble in water (baric hyposulphite is 
difficultly soluble in cold water,), and their solutions may, with few 
exceptions, be boiled without decomposition. Calcic hyposulphite is 
gradually decomposed on boiling, the precipitate consistiug of 
SOjCao ' and S. The same decomposition takes place more speedily, 
when hyposulphites are treated with sulphuric or hydrochloric acid. 
Sulphurous anhydride is evolved with separation of sulphur. The 
precipitated sulphur is yellow, and not white, as is usually the case, 
when sulphur separates in chemical reactions. This change cha- 
racterizes hyposulphites. 

The same instability of the sulphur atom, occupying the place of 
an atom of oxygen in SOaHoj, is observed, when hyposulphites come 
in contact with salts, whose metals form with sulphur insoluble 
sulphides. 

Zr02Ago gives a white precipitate of arsentle hyposulplilte, 
SS0Ag02, soluble in sodic hyposulphite, which speedily turns 
yellow, then brown, and lastly black (SAg2), especially on the 
application of heat, thus : — SS0Ag02 + OH2 = fifAg2 + S02Hos 

ir204Hg3o", and ( < co / "^^ ' ^^® similar precipitates, decomposed 

by heat into Bg2S or PbS, and sulphuric acid. 

S11CI2 gives a brown precipitate of SnS. 

Hyposulphites like sulphites are readily oxidized, but yield under 
certain conditions oxygen to inore powerful reducing agents, and 
become thus oxidizing agents. 

Free chlorine, sodic hypochlorite, ferric chloride, etc., oxidize hyposulphites 
completely to sulphates, even in the cold, thus : — 

SSONaoj + 4CI2 + 5OH2 = 2S02HoNao + 8HC1. 
SSONaos + 4>ClNao + OH3 = 2S03HoNao + 4NaCl. 

SSONaoa gives with FOjCl^ at first a reddish violet coloration (Diffebbnce 
BETWEEN SULPHITES AND HYPOSULPHITES ), but on standing, the solution is 
slowly decolorized (more rapidly on heating), vrith formation of FeClj, thus :— 

SSONaos -h ^liresCU •»- 5OH3 » 2803HoNao + SFeCla + 8HC1. 
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Nascent b jdrogen reduced hyposulphites to sulphides, which eyolye with tlia 
acid sulphuretted hydrogen : — 

SSONaos + 4H3 + 2HC1 » 28H, + 8OH3 + 2Naa. 

Sodic hyposulphite is a useful solvent for AgOl (hence its application in photo- 
graphy), KgTsCls and S02Pbo". Calcic hyposulphite, SSOOao'^ has also found 
an interesting application, as an agent for removing the last traces of chlorine in 
the bleaching of paper pulp, and from fabrics bleached by means of hleackinff 
powder, Oa(OCl)Cl, to prevent their deterioration by the traces of chlorine 
which they are apt to retain. It has on that account received the name of 
anticMor. The free hydrochloric acid which is formed in the reaction ia 
neutralized by passing the fabrics through a weak alkaline bath. 

The property of sodic h3rposulphite of dissolving AgOl has found an important 
metallui*gical application in the removal of silver from poor argentiferous oref, 
after they have undergone the process of roasting with common salt, which oon- 
yerts the silver into AgCl, insoluble in water. 

Besides the three oxygen acids of snlphur just described, there 

fSOHo rSOaHo 

are others, snch as dithionicy < orw^TT > trlthwnic, < S , fetra^ 

lSU2±io [SOaHo 

rsOaHo rsOaHo 

thio7iic, < S2 and jpentathionic acids, < Sj , which 

LSO2H0 LSO2H0 

occur but rarely, and resemble one another considerably in their 
reactions. Their consideration must be reserved for a more exten- 
sive course of study. 

QUESTIONS AND EXERCISES. 

1. How is sodic hyposulphite prepared ? 

2. How would you prepare ferrous, aluminic, chromic, and manganous hypo* 

sulphites ? 

3. How are hyposulphites affected by ignition ? 

4. What change takes place, wlien a solution of calcic hyposulphite is boiled, Ist, 

bv itself, 2nd, when it is treated with HCl ? 

5. Explain the action of sodic hyposulphite upon plumbic, argentic, mercoroua 

and stannous salts. 

6. G-ive instances, 1st, of the reducing action, and 2nd, of the oxidizing action 

of hyposulphites. 

7. Explain the terra antichlor. 

8. State what application sodic hyposulphite has found in photography and in 

metallurgy. 

9. Give graphic formulae for sulphosulphuric, dithionic, trithionic, tetrnthionio 

and pentathionic acids. 

10. How would you recognize a sulphite in the presence of a hyposulphite F 

11. How would you separate a hyposulphite from a sulphate? 

12. Calculate the percentage composition of sodic hyposidphite (SSONaos •¥ 6Aq). 



HYDROSULPHUBIC ACID, SH,.— Obtained as a coloup. 
less gas by the decomposition of metallic sulphides, such as VeS, 
ZnS, SbjSa, by means of sulphuric or hydrochloric acid. It is 
characterized by a moat foetid odour, resembling that of rotten 
eggs. It is absorbed by cold water, forming sulphuretted hydrogen 
water or hydrosulpLuric acid, which reddens bhie litmns-piqper 
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feebly. SH^ exclianges its fitdphnr for the oxygen of xiM^it metallic 
oxides, both in the dry and wet way, forming water and metallid 
sulphides. It is on this account a most yalnable reagent. Many of 
these sulphides, for example, iron pyrites, galenaj cmndbar, zvac 
hlende, exist in nature in vast masses. 

REACTIONS IN THE DRY WAY. 

Metallic sulphides are acted upon in various ways, when sub- 
mitted to heat. Some are decomposed, when heated iu a close vessel, 
into metal and sulphur, e.g., ^9111283; some sulphides, such as 
PtS2, FeSa, Sb2S5, SnSa PbS yield up a portion of their 
sulphur and are reduced to PtS, FCaSi, SbaSg, SnS, PfcjS; 
others sublime without decomposition, such as iSLSaSa (orpiment), 
BgS {cinnabar). The greater number of metallic sulphides remain, 
however, undecomposed, when heated out of contact with atmo^ 
spheric air. 

Most sulphides undergo a change, when roasted in a tube open ai 
both ends. SAg2 leaves metallic silver (usually also a little 
SOaAgOa), the sulphur by combining with oxygen, passes off as 
SO2; some sulphides leave a metallic oxide, e.g., SnS, SbaSs, 
BiaSa; others again, such as the sulphides of the alkalies and 
alkaline earthy metals, are converted into sulphates. Plumbio 
sulphide {galena) is converted into a mixture of oxide and sulphate ; 
cupric sulphide, at a high temperature, yields SO2 and CuO ; at a 
lower temperature SO2CU0". PeS and other sulphides of the iron 
group are partially converted into sulphates, which on the applica- 
tion of a stronger heat, lose their acid, leaving metallic oxides. 
Many native metallic sulphides are distinguished for their metallic 
lustre, such as iron and copper pyrites, galena, grey antimony. The 
presence of a metallic sulphide cannot, however, be inferred con- 
clusively from the evolution of SO3, since earthy sulphites are 
broken up, on ignition, into oxides and sulphurous anhydride. 

REACTIONS IN THE WET WAY. 

Alkaline and alkaline earthy sulphides are soluble in water (CflS 
and BffgS are only sparingly soluble). Dilute hydrochloric acid 
decomposes them readily into metallic chlorides and SH2. All other 
sulphides are itisoluble in water. Many of the latter, such as PeS, 
MnS, ZnS are decomposed by dilute hydrochloric acid with evolu- 
tion of sulphuretted hydrogen. Others require concentrated hydro- 
chloric acid, such as ITiS, CoS (difficultly soluble), SbzSs, SnSa, 
PbS. Sulphides which are insoluble, or difficultly soluble, in con- 
centrated hydrochloric acid, such as 81283) CuS, SAg2, are 
decomposed by concentrated nitric acid ; whilst others, such as 
BgS, PtSs, i9LU2S3, ^918283, dissolve only in aqua regia, or hydro- 
chloric acid and potassic chlorate, with separation of sulphur and 
formation of SOsHo2, and of a metallic chloride. On dissolving 
PbS, SnS], SbaSs in concentrated nitric, instead of hydrochloric 
^id, they are converted principally into SOaPbo", SnOs, SbaOi. 
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Others (BgS excepted) are gradnallj oxidized by cx)noeiitrated 
nitric acid into snlphates — at first with separation of solphnr, 
which by prolonged digestion is converted into sulphuric acid. 

To detect SH2 (in an aqueous solution) or a soluble sulphide (a 
solution of SAm2 may be conveniently employed), add a solution of a 
salt of cadmium, lead or silver, which gives by double decomposition 
a characteristic precipitate of a metallic sulphide : fine yellow far 
cadmium, black for plumbic or argentic salts. 

To analyze a sulphide decomposable by hyd/rochloric acid, the 
evolved sulphuretted hydrogen gas is made to act upon lead paper, 
or is passed through a solution of a plumbic salt. (Iron pynteSj 
PeS2, and copper pyrites, CrUgS, Pe2S3, give off SH2 only in the 
presence of hydrochloric acid and zinc.) 

Sulphides which are not decomposed by hydrochloric acid, yield 
sulphur on treatment with nitric acid or aqua regia, and must be 
recognized by this and the products of decomposition, such as 
S]l02> S02Pbo", as well as the reactions which they give, when 
examined in the dry way. 

Many native sulphides, such as fahl ore, etc., are expeditiously examined by 
heating the finely-powdered mineral in a hard glass tube, in a current of dry 
chlorine gas, when the metals are converted into chlorides and the sulphur into 
TolatUe chloride of sulphur, which is decomposed on being passed into water. 

To det4)ct a soluble sulphide in the presence of free SH,, add a few drops of a 
solution of sodic nitroprusside. This reagent does not affect free SHj, but giyes 
B fine purple colour with the merest traces of soluble sulphides. The colour dis- 
appears only after some time. 

A mixture containing a soluble alkaline sulphide^ hyposulphite^ sulphite, or 
sulphate may be examined by adding OOGdo'' to the aqueous solution. Filter, 
dissolve the excess of OOGdo'' in the precipitate by means of dilute acetic acid ; 
a residue of yellow OdS indicates the presence of an alkaUne sulphide. Add to 
the filtrate BaClj; a precipitate is obtained, consisting of SOjBao and SOBao'^ 
Filter off ; digest the precipitate with dilute hydrochloric acid, and filter. A 
white residue shows the presence of an alkaline sulphate. Add chlorine water to 
the filtnate ; a precipitate of SOoBao' indicates the presence of an alkaline sul- 
phite. The filtrate from the BaClj precipitate is searched for 8SOH03 by the 
addition of HCl and boiling. A yellow precipitate of sulphur and the odour of 
SO2 indicate the presence of a hyposulphite. 

To remove SH2 from a gaseous mixture of GO2 and SHj, add a soluHon of 
cupric chloride and shake up with the gases ; or pass the gases through an 
ammoniacal solution of argentic nitrate. 



QUESTIONS AND EXERCISES. 

1. Explain the changes which take place when 8H2 is passed through saline 

solutions, the metals of which form insoluble sulphiaes. G-ive instanoee. 

2. Explain the action of heat upon the different metallic sulphides. 

3. Which sulphides arc soluble and which are insoluble in water ? 

4. Explain how certain sulphides are affected by dilute hydrochloric acid, and 

how by concentrated hydrochloric acid. Give characteristio instanoee, 
and express the changes by equations. 

5. Describe the most delicate reaction for gaseous SH^, and state how fireeSHf 

can be distinguished in the presence of a soluble sulphide. 

6. What is the action of nitric acid upon ZnS, PbS, CuS, 8aS, 8b|St? 



NITRIO Aom. 241 

7. How would you proTe the presence of an alkaline sulphide, hyposulphite, 

sulphite, and sulphate in an aqueous solution ? 

8. State how you would separate SH* and OO2 contained in a gaseous mixture. 

9. How can you prove the presence of SH2 in coal gas ? 

10. 10 litres of unpurified coal gas yielded -235 grm. of OdS. What is the 

percentage of SHj in the gas ? 

11. -650 grm. of galena gave -532 grm. of SOaPbo". What is the percentage of 

Pb and of S in the galena ? 

12. What change takes place when FtSj, Sb2S6, FeSj, Afl^Ss, and BgrS are 

heated with exclusion of air ? 

13. How would you test for SH2 in sewer gases ? 

14. What action has SHj upon white lead paint ; and how would you propose 

to remove PbS from oil paintings, so as to restore the original white 
colour? 

15. How would you detect sulphur in pig iron ? 

16. Explain the action of chlorine, bromine, and iodine upon SH2. 

17. How is sulphur detected in organic compounds, such as coal ? 



NITRIC ACID, lf02Ho.— Obtained aa a colourless, highly 
corrosive, volatile liquid, of a deep yellow colour when it is mixed 
with nitrous acid, ZTOHo. It is characterized by the facility with 
which it parts with its oxygen (comp. Chapter XIV.), and it is this 
property of which we avail ourselves invariably, when nitric acid or 
a nitrate has to be detected. 

REACTIONS IN THE DRY WAY. 

Most nitrates fase readily when heated. All are decomposed 
when exposed by themselves to a high temperature. The decomposi- 
tion varies with the nature of the base ; a lower oxide of nitrogen, 
and oxygen being generally given off. Thus ammonic nitrate, 
ZTOsAmo, breaks up into ON3 and OH3 ; potassic or sodic nitrate 
into nitrite (always contaminated, however, with nitrate and caustic 
alkali), with liberation of oxygen and ultimately into oxide — ^nitro- 
gen and oxygen being given off; others, such as plumbic nitrate, 
into O and ZTzOi, leaving the oxide of the metal. When heated 
together with bodies eager to take up oxygen, stich as carbon (char- 
coal or alkaline cyanides), sulphur or phosphorus, the decompo- 
sition becomes explosively violent, and nitrogen gas only is left as 
the remnant of the molecule ZTsOs. (Chlorates explode in like 
manner, but leave metallic chlorides.) 

REACTIONS IN THE WET WAY. 

With the exception of a few basic salts, nitrates are readily 
soluble in water : hence nitric acid cannot be tested in the usual 
way, by producing precipitates by way of double decomposition. 
When acted upon by various reducing agents, the deoxidation of 
the acid may be partial (accompanied by the evolution of lower 
oxides of nitrogen), or complete (nitrogen only being left) ; in which 
case the nascent nitrogen is capable of combining with hydrogen in 
the nascent state to form ammonia, ZTHs. (Comp. Exp. 69.) 



\ 
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1st. Reactions in which ITOsHo is redjiced to lower oxides of 

nitrogen. 

A SOLUTION OP NITRIC ACID OR OP P0TAS8IC NITRATE, NO2K0, may be 

employed. 

WO2H0 (or WO2K0) is decomposed when heated with concen- 
trated hydrochloric acid (or a cMoride when heated with nitric 
acid). Chloronitric gas, W2O2CI4, is evolved (comp. p. 86), and 
the liquid acquires the power of dissolving gold-leaf or platinum 
foil, which are not soluble in single acids. (Chlorates, bromates, 
iodates, chromates, and permanganates evolve chlorine when treated 
with hydrochloric acid ; they dissolve gold or platinum, but give off 
no W202.) 

Add to a dilute solution of ferrous sulphate cautiously its own 
volume of concentrated sulphuric acid (free from nitric acid), and 
allow the mixture to cool ; then add gradually a solution contain- 
ing a nitrate. A ring is seen to form at the point of contact of the 
two layers, of a violet, red, or dark brown colour, according to 
the quantity of the nitrate present. The coloration is increased by 
carefully shaking up the fluid, bnt it disappears on heating. This 
is owing to the formation of a transient compound of the ferrous 
salt with TitOt^ consisting of four molecules of the salt with one 
molecule of nitric acid (4S02Feo", ZTiOs). The other three atoms 
of oxygen from two molecules of nitric acid oxidize six molecules of 
ferrous into three molecules of ferric sulphate, SsOeFcaO^. This 
constitutes one of the most delicate reactions for nitric acid. The 
change may be expressed thus : — 

SO2 , 

10SO2Feo" + 3SO2H02 + 2NO2H0 = SSOsFe^o^ + 4S02Feo", 

SO,— - 
N2O2 + 4OH2. 

A solution of mO^Ko, when added to a solution of indigo in sulphuric acid 
(sulphindigotic acid), changes the blue colour of the indigo to yellow. (Free 
clilorine and other oxidizing agents bleach indigo likewise.) 

Metallic copper (Ag, Zn, Pb, or Hg) is dissolved by nitric acid 
with evolution of ruddy fames, and by NOsKo on the addition 
of sulphuric acid. 

A similar reaction takes place, when copper filings are mixed with a nitrate 
and hydric potassic sulphate and fused in a test-tube or crucible. 

^linuto quantities of nitrates found in mineral waters, in rain 
water, or water draining from arable land, may be detected by first 
reducing the nitrate to nitrite. This is effected by heating the solu- 
tion for some time with a little zinc amalgam. On filtering and 
adding to the filtrate a solution of fen-ous salt, a dark brown colora- 
tion is obtained ; or by adding a drop of a solution of potassic 
iodide, some freshly prepared starch solution,. and a little acetic (or 
very dilute sulphuric) acid, a fine blueprecipitateof iodide of starch 
is produced, thus : — * 
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2N0Ko + 2KI + 2S02fl!o2 = If aO, + 2SO2K03 + I2 + 26'H2. 

This reaction is exceedingly delicate. 

2nd. Reactions in which ]^02Ho is reduced entirely a/nd is con-' 
verted into ammonia, ITHa. 

All nitrates when fused with KHo, CaHog or soda-lime and some 
non-nitrogenons organic substance, such as sugar or starch, evolve 
ammonia, thus : — 

31f O2K0 + 9KHo + CeHiiOe = 6COK02 -h SNHs + 6OH2. 

Sugar. 

The gas may be readily recognized by its odour, or action upon 
red litmus paper. 

Nascent hydrogen, produced by the action of KHo upon metallic 
zinc, iron, or aluminium, gives rise, in the presence of a nitrate, to 
the formation of ZTHs, thus : — 

(1) Zn 4- 2KHo = 5tnKo2 + H2. 

(2) NO2K0 + 4H, = If Hs + KHo + 20H,. ; 

When S11CI2, HCl, and a nitrate are heated together, the ten- 
dency of the stannous chloride to combine with two more atoms of 
chlorine to form stannic chloride, aided by the oxidizing action of 
nitric acid upon the hydrogen, breaks up HCl, with formation of 
SnCli and If H3, thus : — 

4SnCl, + NO,Ko + lOHCl = 4SnCl4 -h NH4CI + KCl 

+ 30H,. 

To detect yV^ nitric acid in the presence of a nitrate, evaporate the solution 
on a water-bath with quill cuttings or white woollen fabrics. Nitric acid colours 
these substances yellow. Or digest the solution at a gentle heat with COBao", 
filter off and test the filtrate by means of sulphuric acid and ferrous sulphate. 

QUESTIONS AND EXEECISES. 

1. How is nitric acid obtained, and what are its characteristic properties P 

2. Explain what changes take place when nitrates are heated by themselyes. 

3. Explain the action of ctqva fejia upon metallic tin and antimony. 

4. State what action takes place when ferrous, cuprous, and mercurous chlorides 

are heated with nitric acid. 

5. Why can the metals Cu, Fb, Ag, be employed for the detection of nitric acid 

or a nitrate ? 

6. Explain what changes take place when a solution of potassic nitrate, potassio 

iodide, starch, and dilute sulphuric acid are mixed together. 

7. What is the action of concentrated nitric acid upon the metals Fe, Sn, Sb, 

Pt? 

8. How can ammonia be obtained from a nitrate ? Describe several processes. 

9. How would you test for nitrates in a soil, in sewage water, in mineral 

waters? 

10. How much ferrous sulphate (SOHojFeo" + 6aq.) is required for the complete 

decomposition of 1 grm. of pure potassic nitrate ? 

11. Calcubte how much nitre is required to deflagrate, 1st, 1*5 grm. of sugar, 

and 2nd, '5 grm. of sulphur. 

12. How is firee nitric acid detected in the presence of a nitrate ? 

B 2 
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NITROUS ACID, If OHo.— Obtained by the decompcMsition 

of W204in the presence of water (comp. Chapter XTV.) accofding to 
the equation : — 

WaOi -h OHj = NO,Ho + NOHo. 

Its solution is prone to decompose into ir02Ho and ITiOs according 
to the equation : — 

31f OHo = If O2H0 + N,0, + OH,. 

Nitrous anhydride is decomposed by water into ir02Ho and TttO^ 
thus : — 

SlfjOs + OH, = 2NO2H0 -h 2N2O,. 

REACTIONS IN THE DRY WAT. 

Nitrites fuse and are decomposed on ignition into oxides, with 
evolution of nitrogen and oxygen. Ammonia nitrite (XTOAmo) 
breaks up, when heated, into nitrogen and water. Mixed with 
carbon, potassic cyanide, sulphur and other oxidizable bodies, 
nitrites deflagrate like nitrates, with which they have, in fact, most of 
the dry reactions in common. 

REACTIONS IN THE WET WAY, 

All nitrites are soluble in water ; argentic nitrite, ITOAgo, is 
difficultly soluble, and serves for the preparation of pure nitrites, by 
double decomposition with neutral chlorides. Dilute acids (SOsHos 
or HCl) liberate If 202 and convert a portion of the nitrite into 
nitrate, thus : — 

31f OKo + SO2H02 = N2O3 + NO2K0 + SO,Ko, + OH,. 

The reactions by which the presence of nitrons acid can be readily 
recognized, may be' divided into two classes : — 

1st. Reactions in which the acid acts as an oxidizing agent: — 

SII2 decomposes aqueous solutions of olkalino nitrites, with formation of 
M'jOo (of Mils when the reaction goes on for some time) and alkaline ralphidet, 
thus I — 

2MOK0 + 2SH3 = M3O2 + 20Ha + S3K,. 

In acid solutions the decomposition is accompanied by a oopiouB separalioii 
of sulphur. 

PeCU, on tlie addition of a little hydrochloric acid, is turned dark brown, if 
IVOHo is present, owing to the absorption of IV2O3 gas by a portioii of the 
unoxidized ferrous salt. On the application of heat IV2O2 is evolved, thuB :— > 

2FeCl2 + 4UC1 + 2HOK0 = FeaCle + 2KC1 + Hi fit +20H^ 

H0(NIl40) breaks up into N nnd OHj, the hvdrogon of the HH4 acting at 
the reducing agent. Nitrites containing fixed bases are decompoaed in liko 
manner, on tlie addition of anmionic cliloride (or some other amnionic talt), and 
on heating, thus : — 

COAmo2 + 2HOK0 = N4 + 40H, + COKo,. 
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EI and starch solution give in the presence of a nitrite and a dilute acid 
blue iodide of starch. (See under HI, p. 256). 

2nd. Reactions in which the acid acts as a reducing agent, and is 
con/verted into nitric acid, thus : — 

2HOHo + 03 = 2HO2H0. 

A11CI3 and SgpsCl] give metallic gold and grey metallic mercury. 

i sfno' fOKoi ^^^^ nitrites into nitrates, and a permanganate solution 

is rapidly decolorized, in the presence of a mineral acid (SO2H02, HCl). 
CrOjEo 

O is reduced under similar conditions to a chromic salt. 

CrOsEo 
Nitrates are not affected by potassic permanganate or alkaline chromates. 
PbOa converts MOHo into MO2H0 ; but does not act upon dilute MO2H0 
(Distinction between nitbous and nitbio acid). 



{ 



QUESTIONS AND EXERCISES. 

1. Explain the changes which take place when IV2O4 is acted upon by KHo. 

2. Explain what takes place when nitrites are heated, Ist, by themselves ; 2nd, 

in contact with carbon or sulphur. 
8. How can MOEo be separated from IVO2E0 ? 
4. What is the action of dilute sulphuric acid upon IVOKo ? 
6. Give instances, Ist, of the oxidizing, and 2nd, of the reducing action of 

If OHo ; and express the changes by equations. 

6. What are the products of decomposition of strongly ignited If 304Pbo'', 

H0(NH40) , and ;Bf OKo ? 

7. How can a trace of a nitrite be detected in the presence of a nitrate ? 

8. Explain the action of concentrated If O2H0, Ist, upon starch, 2nd, upon 

A83O8. 

IfO 

9. How would you prepare pure wQ^ao" ? 

IfO 

10. Explain the action of heat upon a solution of wQ^ao" and AmCl. 



HYDROCHLORIC ACID^ HCl. — This compound has 
already been described (page 68) as a colonrless gas, which is readily 
absorbed by water, and forms one of the most important acids. 
Chlorides are among the most important chemical compounds. 
They differ considerably in their physical properties. 



REACTIONS IN THE DRT WAT. 



Some chlorides are liquid and can be distilled without decom- 
position, such as SbCls, SnCli ; others are solid, fusible and non- 
volatile, such as AgCl, PbCl2, BaClj, NaCl. Upon ignition certain 
chlorides, such as A11CI3, PtCl^, are decomposed with evolution of 
chlorine gas, first into AuCl, and PtCU, which are almost insoluble 
in water, and finally into Au and Pt. Magncsic chloride is decom- 
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Chlondes are detected also by heating with a little black man- 
ganic oxide and concentrated sulphuric acid, when chlorine is 
evolved according to the equation : — 

MnOa + 2NaCl + 2SO2H02 = CI2 -h SOaMno" + SOjNaoa 

+ 2OH2. 

a gas which has been already described (Chapter YIII, Part I) and 
which is readily recognized by its characteristic odour and bleaching 
properties, its yello^vish green colour, and its action upon iodized 
starch paper, or upon a dilute solution of potassic iodide and freshly 
prepared starch, giving rise to the formation of blue iodide of 
starch. 

Concentrated sulphuric acid Uberates gaseous hydrochloric acid 
from chlorides, thus : — 

2NaCl + SO2H02 = SOzNaoa + 2HC1. 

HgCla, HgsCla, AgCl, PbCl2, SnCl2, and SnC]4, are decom- 
posed, with difficulty only, or not at all, by concentrated sulphuric 
acid. 

In order to effect the decomposition of insoluble chlorides, such 
as AgCl, Hg2Cl2, and l?bCl2, they are fused in a porcelain crucible 
mixed with fusion mixture perfectly free from alkaline chlorides. 
The chlorine is transferred to the alkali metals, and may be readily 
detected by means of W02Ago in the aqueous extract, after acidu- 
lating with dilute nitric acid. 

Traces of free HCl, in the presence of a soluble chloride, are best delected 
by gently beating with BKnO^ or PbO^, and passing the evolved chlorine into 
a solution of potassic iodide and starch. The chlorine liberates iodine (2£I + 
CI2 = 2KC1 + I2) which forms with the starch blue iodide of starch. 

QUESTIONS AND EXERCISES. 

1. State how you would prepare dry hydrochloric acid gas. 

2. How are the several solid chlorides acted upon by heat ? 
8. How is chlorochromic acid prepared ? 

4. Classify all chlorides according to their solubiHty in water. 

5. Describe the most characteristic tests for chlorine and for hydrochloric acid 

or chlorides. 

6. How are insoluble chlorides examined ? 

7. How would you detect free HCl in the presence of a metallic chloride ? 

8. Explain the action of distilled water, of chlorine water, ammonic hydrate, 

potassic cyanide, sodic hyposulphite, and sulphuric acid upon AgCl, 
BflTaCls, and PbCla. 

9. You have given to you 100 c.o. of a liquid containing free HCl and a solu- 

tion of sodic chloride. 50 c.c. of the hquid gave 2"345 grms. of AgCl. 
After evaporation and ignition of the other 50 c.c. the residue yielded 
1*596 grm. of AgCl. What is the percentage of HCl and of sodic chloride 
in the liquid 1 



248 CHLORIC Acm. 

CHLORIC ACID, | ?£ . — Obtained, in combination with 

calcium, by passing chlorine through a solution of calcic hydrate 
and potassic carbonate to complete saturation. To a concentrated 
solution of the calcic chlorate, formed according to the equation : — 

roci 

6CaHo2 + 6CI2 = 1 2^ao" + 5CaCla + GOH,, 

loci 

add a solution of potassic chloride, when calcic chloride and potassic 

chlorate, ^ qtt- » are formed by double decomposition. Potassic 

chlorate, being little soluble in cold water, and still less so in a 
solution of CaCU, crystallises out, and is washed vnith cold water 
and purified by recrystallisation. 

REACTIONS IN THE DRY WAY. 

All chlorates are decomposed by heat; they fuse and evolve 
oxygen, or a mixture of chlorine and oxygen, according to the 
greater or less affinity of the metal for oxygen or chlorine, leaving a 
residue, consisting of a metallic chloride, oxychloride, or oxide. 

On heating a few crystals of potassic chlorate in a test-tube, the 
presence of oxygen can be shown by introducing a glowing splinter 
of wood into the test-tube. On dissolving the ftised mass in water, 
and adding a drop of WOaAgo, a white curdy precipitate is obtained, 
whilst before ignition the chlorate solution gave no precipitate. 

Chlorates part with their oxygen far more readily, upon ignition, 
than nitrates. When mixed with oxidizable substances, such as 
C, S, P, or KCy, they explode violently, even when gently rubbed 
together in a mortar, or when moistened with a drop of concen- 
trated sulphuric acid. Care should, therefore, be taken to powder, 
or heat together, only very small quantities of a chlorate and organic 
substances. 

REACTIONS IN THE WET WAY. 

A SOLUTION OF POTASSIC CHLORATE may be employed. 

All chlorates are soluble in water. In order, therefore, to detect 
a chlorate, we avail ourselves of its powerful oxidizing action, and 
its leaving for the most part a chloride on ignition. Hydrochloric 
and strong sulphuric acids decompose chlorates, with evolution 
of chlorine and formation of lower oxides of chlorine. 

Concentrated SO2U02 decomposes potassic chlorate even in the 
cold, a greenish yellow fja^, called chloric peroxide, OiClj, comes off, 
which is recognized by its suffocating odour. On the application of 
heat (especially on operating with somewhat large quantities) 
violent explosions occur. A few crystals only of the chlorate 
should, therefore, be employed, and the test-tube should he held 
with its mouth turned away from the operator. The change may 
be expressed by the equation : — 
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( nSl +^'^0,Ho, =TsO,HoKo + i + i 0, 



OCl 
3 ^ «r'„ + /BOjHo, =7SO^HoKo + <^ + < 0, + OH,. 

OCl 

Potassio Ghlorio 

perohlorate. peroxide. 

HCl, especially when heated, decomposes potassio chlorate, 
giving off a mixture of chloric peroxide and firee chlorine, called 
euchlorine^ thus: — 



si 2S^ + 24HC1 = si Oa + 9C1, + 8KC1 + 120H,. 



A solution of indigo (snlphindigotic acid) is decolorized on the 
addition of a solution of a chlorate and a little sulphuric acid, by a 
reaction analogous to that produced by free nitric acid. 

In order to distinguish a nitrate from a chlorate, dissolve a small portion of the 
two salts in water, and add a few drops of argentic nitrate to make sure that no 
chloride is present. Ignite another portion strongly till the evolution of oxygen 
ceases ; allow to cool, and dissolve out with hot water. To one portion of the 
solution add a few drops of dilute nitric acid, and then argentic nitrate. A 
white curdy precipitate indicates the presence of a chloride, and, indirectly, of a 
chlorate. To the other portion of the solution add potassic iodide and starch 
solution, and then a few drops of acetic acid ; a blue coloration of iodide of 
starch proves the presence of a nitrite, derived from the potassic nitrate. 

If a chloride be present, as well as a chlorate and nitrate, S02Ag03 must be 
added to the solution, as long as a precipitate comes down. The AgOl is filtered 
off, and the filtrate evaporated to dryness, with the addition of a little pure sodic 
carbonate, and the residue strongly ignited. The dry mass is extracted with a 
little boiline water, filtered, and argentic nitrate added to a portion of the 
acidulated (IVO3H0) solution, as long as a precipitate comes down. The 
remaining portion is tested for nitric acid, either by the iodide of starch reaction, 
or by means of a ferrous salt and sulphuric acid. 

QUESTIONS APH) EXEECISES. 

1. State briefly how potassic chlorate is prepared. 

2. Describe the changes which potassio chlorate undergoes on ignition. 

8. Explain the action — 1st, of concentrated sulphuric acid j 2nd, of oonoen- 
trated hydrochloric acid upon potassic chlorate. Give equations. 

4. How can a chlorate be detected m the presence of a chloride ? 

6. How can a nitrate and a chloride be recognized in the presence of a 
chlorate ? 

6. How much oxygen, by weight and by volume, can be obtained from. 100 

grms. of potassic chlorate ? 

7. Introduce some stripe of metallic copper into a mixture of potassic chlorate, 

arsenious acid and hydrochloric add, and explain why no precipitate of 
metallic arsenic is obtained on the copper. 



HTPOCHLOROUS ACID, ClHo.— The salts which this 
acid forms possess considerable interest, on account of the powerful 
bleaching action which they exert in the presence of acids. Of im- 
portance are the sodic and calcic hypochlorites, which are obtained 
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along with the corresponding chlorides, by passing chlorine through 
a solution of the carbonates or hydrates. An important compoand 
closely related to the hypochlorites is the calcic chlorohypochlorite, 
commonly called chloride of lime or hleacJiing powdery which appears 
to be formed according to the equation : — 

CaHo2 -h CI2 = Ca(OCl)Cl + OH,. 

Hypochlorites are gradually decomposed on exposure to air 
(owing probably to the action of the carbonic anhydride contained 
in air). Dilute acids liberate chlorine, and it is on this account 
that hypochlorites are of such great value as dismfectants and 
bleaching agents. 

REACTIONS IN THE DRY WAY. 

Hypochlorites are converted into chlorates (which give off 
oxygen when ignited), and chlorides, thus : — 



6Ca(0Cl)Cl = 



OCl 

* gCao" -h SCaCl,. 
OCl 



REACTIONS IN THE WET WAY. 

We employ A solution of calcic or sodic hyfochloritb, 
ClNao. 

All hypochlorites are soluble in ivater. Their aqueous Bolutions 
bleach vegetable colours. On heating or evaporating dilute soln- 
tions of hypochlorites, they are decomposed into chlorides and 
chlorates, concentrated solutions into chlorides and oxygen. Even 
weak acids decompose them with evolution of chlorine. (Distinc- 
tion between iiYPOcnLORiTEs AND CHLORATES.) Hypochlorites yield 
oxygen to readily oxidizable substances, and become converted into 
chlorides; the detection of hypochlorous acid is based upon the 
various processes of oxidation to which its salts can give rise, thus : — 

ASgOa is oxidized to A.8205. 



KnCU 


>» 


MnO,. 


PbO 


>> 


PbO^. 


PbS 


>» 


,, SOaPbo". 


rcoHo 

1 COHo 


»» 


„ 2C0a + OH2. 


Indigo or Htmus solutions are 


readily decolorized. 



QUESTIONS AND EXERCISES. 

1. Give the graphic formula for hUaching povyder. 

2. Give illustrations of the oxidizing action of hfpoclilorites. Exprett the 

changes by equations. 

3. How is calcic hyiKX'hlorito prepared ? 

4. Explain the bleadiing action of an aqueous solution cfa hypochlorite. 

5. What change takes place — Ist, when a hj'pochlorite is ignited bj itself j 2ndl|j, 

when a conoentrated solution of a hypochlorite U boiled P 
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6. Eiq[>lain the deodorizing action of hypochlorites When brought in contact with 

SHs, SAm,, PHs, MHs- 

7. How can a hypochlorite be distinguished in the presence of a chloride ? 

8. A sample of bleaching powder contains 26'5 per cent, of chlorine. How much 

A83O3 by weight will be required to deoxidize 1*235 grm. of the bleach- 
ing powder ? 



HYDROBROMIC ACID, HBr.— The element bromine occnrs 
in nature mainly in combination with the fixed alkalies and alkaline 
earthy metals (calcium, magnesinm), forming salts, called bromides, 
which resemble the chlorides of the same metals very closely, and 
from, which we derive both bromine and hydrobromic acid. 

REACTIONS IN THE DRY WAY. 

Most bromides remain unaltered when ignited; others are 
volatile without decomposition. AuBra and VtBr4 are decomposed 
upon ignition into metal and bromine, which latter volatilizes. Many 
bromides are acted upon, when ignited with free access of air, and 
are converted into oxides and free bromine ;. others again, such as 
Al2Br«, etc., are decomposed, on evaporation of their aqueous solu- 
tions, into oxides and hydrobromic acid. KBr and NaBr are con- 
verted, to a great extent, into KCl and NaCl, on repeated ignition 
with amnionic chloride. When fused with hydric pota^sic sulphate, 
bromides are decomposed into sulphates, with evolution of sul- 
phurous anhydride and bromine. The few insoluble bromides of 
the heavy metals are converted into soluble alkaline bromides by 
fusion with alkaline carbonates. 

Heated before the b]om>ipe on a bead of microcosmic salt, in which a little 
oupric oxide bas been dimised, bromides impart a blue colour to the flame, 
which passes into greenj especially at the edges. This distinction between chlo- 
rides and bromides is, however, not very marked. 

REACTIONS IN THE WET WAY. 

A SOLUTION OP POTASSic BROMIDE, KBr, may be employed. 

All metallic bromides can be divided into — 

1st. Bromides which are insoluble in water, such as AgBr, 
;'2Br2, rbBr2 (less soluble in water than PbCl2), and — 

2nd. Bromides which a/re soluble in water, comprising all other 
bromides. 

Certain bromides, e.g., SbBrs, BiBrs, are decomposed by water 
into insoluble oxybromides and hydrobromic acid. They resemble 
in this respect the corresponding chlorides. 

In order to detect hydrobromic acid or a soluble bromide, add a 
solution of an argentic (mercurous or plumbic) salt to the solution, 
when a yellowish white precipitate 01 argentic bromide, AgBr, is 
formed, which is insoluble in dilute nitric acid, soluble only in con- 
centrated ammonic hydrate, readily soluble in potassic cyanide or 
sodic hyposulphite. By decanting the supernatant liquid, washing 
with a little water, and treating the precipitated argentic bromide 



252 



HYDROBROmO ACID. 



with strong hydrochloric acid, reddish brown ftuneB of bromine are 
evolved wMch colour starch paste yellowish, (Distinction bbtwbek 
AgBr AND AgCl.) 

Insoluble bromides, such as AgBr, SgsBrs, VbBrt, can be 
decomposed by heating in a test-tube with alkaline carbonates (free 
from chlorides). The aqueous extract is tested for hydrobromio 
acid, and the insoluble residue for silver or lead. Sg^Bra gives a 
sublimate of metallic mercury. 

In the absence of any well-marked distinguishing features in the 
argentic bromide precipitate, it is preferable to liberate bromine 
from soluble bromides, and to cause the reddish hrovm vapour to act 
upon starch paste with formation of yellowish bromide of starch. 

Nitrous acid (or a nitrite and dilute hydrochloric acid) does not 
liberate any bromine from soluble bromides. (Distinction be- 
tween BROMIDES AND IODIDES.) All bromidcs are, however, decom- 
posed by chlorine, with evolution of bromine, which remains dissolved 
in the aqueous solution. On shaking with a httle ether, the bromine 
is taken up by the ether, forming a yellowish red liquid, which floats 
on the top of the saline aqueous solution. This etherial liquid mav 
be removed by means of a small pipette, and on being treated witJ^ 
potassic hydrate is converted, on evaporation, into potassic bromide 

and potassic bromate, < ^j^ , thus : — 

3Br, + 6KH0 = 5KBr + | q|^ + SOH,. 

Bromine is obtained from natural bromides, such as KBr, 
IMEgBra, CaBr2, by reactions analogous to those employed for the 
preparation of chlorine from common salt (page 247), for instance, 
on distilling with manganic oxide and concentrated sulphuric acid, 
thus : — 

2KBr + MnOa + 2SO2H02 = Br^ + SO2K02 + SOaMno" -{- 20H„ 

or by distilling a bromide with dipotassic dichromate and sulphnrio 
acid, thus : — 

6KBr + CraOfiKoa -f 7SO2H02 = 8Br2 -f SsOeCraO^ + 480sKok 



■f 7OH2. 




Fio. 85. 



A mixture of a branide 
and BSnOs or C#rsO»Koi 
is introduced into a tubu- 
lated retort (Fig. 85) with 
concentrated sulphuric acid, 
diluted with its own weight 
of water, and gently heated 
over a gas flame, or in a 
small water-bath. The 
vapour of bromine passes 
over, and condenses in a 
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flask (which shonld be kept cold by a stream of water, or, better still, 
in a vessel surrounded with ice), to a reddish brown heavy liquid. 

Concentrated SO2H02 alone evolves HBr, together with bromine 
and SO2, thus : — 

4KBr + SSOJEoj = Br, + 2HBr -f 2SOaKo2 + 2OH2 + SO,. 

Concentrated ITOiHo evolves bromine, together with nitrous 
fumes, thus : — 

2KBr -h 4NO2H0 = Br, + 2NO2K0 -f N2O4 + 20H,. 

In the two last reactions the sulphuric and nitric acids act as 
oxidizing agents, performing in fact the ftmctions of the HflEnO, and 
CrTjOsKoj in the former reactions. . 

It is obvious that the hydrogen may also be remoyed from hydrobromic acid 
(or the metal from a metaUic bromide) by other oxidizing agents, such as per- 
manganates and metallic peroxides, in the presence of an acid. 

Bromine is a heavy reddish brown liquid, of disagreeable odour, 
resembling the odour of chlorine. It boils at GS** C, and volatilizes 
at the ordinary temperature. Bromine vapour bleaches vegetable 
colours, like chlorine gas. It is difficultly soluble in water, some- 
what more soluble in alcohol, and readily soluble in ether to a 
yellowish red liquid. 

Bromine (like chlorine) is an oxidizing agent, i.e., it is eager to 
combine with hydrogen, and is capable of decomposing OHj, SHa, 
etc., under favourable circumstances {e.g., sunlight), with Hberation 
of oxygen, sulphur, etc. We avail ourselves of this tendency to 
prepare hydrobromic acid, which cannot be obtained pure by distil- 
ling a bromide with sulphuric acid. By passing sulphuretted 
hydrogen through bromine suspended in water, a colourless solution 
of hydrobromic acid is obtnined, and sulphur separates, thus : — 

Br, + SHa = 2HBr + S. 

This solution always contains some sulphuric acid, owing to a 
secondary reaction of the bromine upon water, in the presence of 
nascent sulphur : — 

3Bra -f 4OH2 + S = 6HBr + SOaHo,, 

from which th^ hydrobromic acid is separated by distillation. 

It will be inferred fix)m this that the decomposition of water by 
bromine would be assisted very much by the presence of deoxidising 
bodies, such as phosphorus, metalHc hypophosphites, sulphites, 
hyposulphites. 

Hydrobromic acid can likewise be prepared by distilling an 
alkaline bromide with phosphoric acid. 

In order to dUtinguUh a bromide in the presence of a chloridef argentic nitrate 
is added gradually to the solution, acidulated with a little dilute nitric add. 
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AgBr is precipitated first, and by filtering, off, as soon as the precipitate appears 
white — an indication that the whole of the bromide has been precipitated, and 
that AgCl begins to fall out — the two acids maj be roughly separated. 

It is, however, preferable to employ the reaction described at page 246, viz., 
of distilling a mixture of a dry chloride and bromide with dipotassic dichromate 
and concentrated sulphuric acid, and of obtaining chlorochromic acid and bro- 
mine, the former being decomposed by water into Cr02Ko2 and HCl. The 
bromine remaining unchanged, can be removed by ether. On adding AmHo 
to the bromine solution a colourless liquid of ammonic bromide and bromate in 
obtained. 

QUESTIONS AND EXERCISES. 

1. Describe several methods by which bromine can be obtained from soluble 

bromides. 

2. How would you prepare HBr from a soluble bromide P 

3. Explain the action of heat upon solid soluble bromides. 

4. Classify all bromides according to their solubility in water. 

6. Describe the most characteristic tests for bromine and for HBr. 

6. Explain the action of chlorine, dilute HCl, concentrated SO^Hos, concen- 

trated If 0)Ho, and POH03 upon potassic bromide. 

7. How is HBr distinguished from HCl ? 

8. What takes place when bromine, phosphorus, and water are brought 

together ? 

9. Explain the action of SH^, SONaoj, and 8SONao2 upon brondne suspended 

in water. 

10. Give the atomic and volume weights of bromine and of hydrobromio acid. 

11. 1'56 grm. of argentic bromide are heated in a current of chlorine ; what will 

be the weight of the silver salt left ? 



BROMIC ACID; < Q^^ . — Obtained in combination with po- 

tassinm by adding bromine to a moderately concentrated solution of 

potassic hydrate. Potassic bromate, ^ qtt- crystallises out from 

the slightly yellowish coloured liquid, and is purified from potassic 
bromide by washing with water and recrystallisation. The reaction 
takes place according to the equation : — 

3Br2 +- 6KH0 = 5KBr -f I ®^^ + 30H,. 

The free acid is obtained by decomposing baric bromate with 
dilute sulphuric acid. 

REACTIONS IN THE DRY WAY. 

All bromates are decomposed by heat. Some, e.g., the alkaline 
bromates, fuse and evolve oxygen, leaving a bromide; others, such- 
as zincic and magnesic bromates, leave an oxide and give off oxygen 
and bromine ; others, again, leave an oxide and a bromide, e.g., 
plumbic and cupric bromates. When mixed with readily oxidizable 
substances, such as carbon, sulphur, etc., bromates deflagrate. 
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REACTIONS IN THE WET WAY. 

We employ A solution op potassig bromatb, < Stt-^. 

All hromates are soluble in water. Argentic and mercnrons 
bromates are difficultly soluble. 

Dilute SO2H02, WO2H0, or POH03 liberates bromic acid from 
its salts, which, however, exhibits great instability and breaks up into 
bromine, oxygen, and water. 

Bromates are readily broken up by deoxidizing substances, such 
as SO2, P2O3, SH2, with formation of SO2H02, POH03, sulphur 
and water, and liberation of bromine. A mixture of potassic bro- 
mide and bromate, when acted upon by dilute acids (HCl, SO2H02), 
is decomposed into bromine and water, thus : — 

5KBr -h I ®3^^ + 6HC1 = SBrj -h 30H, -f 6KC1. 

The weak affinity of bromine for oxygen is, moreover, rendered apparent on 

boiling bromine with such powerful oxidizing agents as IVO2H0, i ^^ , 

!Kn20sKo2, which are without action upon it. 

A bromate in the presence of a chlorate is readily distinguished by precipitation 

r OBr 
with MOoAgo ; the white argentic bromate, < ^ * , gives off bromine on 

being treated with HCl. The residue which bromates and chlorates leave on 
ignition may also be tested by any of the methods described under hydrochloric 
and hydrobromic acids. ' 

QUESTIONS AND EXERCISES. 

1. State how potassic and baric bromates are prepared. 

2. Describe the changes which metallic bromates undergo when submitted to 

heat. 

3. Explain the action of dilute acids upon potassic bromate. 

4. What is the action of SH,, SO2, or P2O3 upon potassic bromate P 

5. How can a bromate be distinguished in the presence of a bromide P 

6. How can a bromate be distinguished from a chlorate or nitrate P 

7. How is free bromic acid obtained ? 

8. How much potassic bromate should there be obtained from 60 grms. of 

bromine? 



HYDRIODIC ACID, HI.— Occurs in nature in the form of 
soluble iodides (KI, NTal, lMEgl2, Cala), in sea water, in the ashes 
of marine plants, in some mineral springs, from which bodies iodine is 
obtained, by processes similar to those employed for the extraction 
of bromine from bromides. 

REACTIONS IN THE DRY WAT. 

Most iodides undergo decomposition when heated by themselves, 
either with or without exclusion of air. Aula and ^tli give off 
iodine, and leave the metals ; others are partially decomposed, 
giving off iodine, and leaving an oxide of the metal. The alkaline 
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iodides, however, can be heated to fusion, without undergoing any 
decomposition. Ignition with AmCl converts iodides only partially 
into chlorides. On fusing cupric oxide in a bead of microcosmic 
salt, and introducing a little potassic iodide into the bead and heat- 
ing in the inner blowpipe flame, the outer flame becomes of a fine 
emerald green colour. 

REACTIONS IN THE WET WAT. 

We employ a solution op potassic iodide, KI. 
All metallic iodides may be divided into — 

1st. Iodides insoluble in water, such as Agl, &g2l2» B^Is, 
Pbl2, Ca2l2, and — 

2nd. Iodides soluble in water, comprising all others. The iodides 
of the heavy metals are less soluble than the correspond- 
ing bromides or chlorides. 

Soluble iodides may be examined in two ways-— 

1st. By precipitation or conversion of the soluble into insoluble 
iodides. 

ir02Ago gives a yellowish white precipitate of arscntle lodMe, 
Agl, insoluble in dilute nitric acid, almost entirely insoluble in am- 
monic hydrate (distinction between HI and HCl, or HBr) ; soluble 
in potassic cyanide. 

ir204Hg2o" gives a yellovnsh green precipitate of Bicrciirovs 
iodide, &g2l2) insoluble in dilute nitric acid, soluble in potassic 
iodide. 

&gCl2 gives a beautiful vermilion red precipitate of aiercarle 
iodide, Bgl2, soluble, however, in excess either of mercuric chloride 
or of potassic iodide. 

f < CO^)^'^^" gives a, bright yellow precipitate of ptimible lodi«e, 

Pbl2, soluble, like the chloride, in hot water, from which it crystal- 
lises out, on cooling, in beautiful shining yellow scales ; soluble in 
dilute nitric acid. 

S02Cuto" (cuprous Bulptaate), obtained by treating SOtCao" with 
SOH02, produce sa dirty white precipitate of cuprous Iodide, Crlltlt» 
which is of interest, because chlorides and bromides cannot he pr^ 
cipitated in like maimer, and because it serves frequently for 
removing iodides from dilute solutions containing chlorides and 
bromides. 

2nd. By liberating iodine, and causing the iodine vapour to act 
upon starch paste. This may be effected in several 
ways. 

On mixing a dilute solution of potassic iodide with a few drops 
of hydrochloric acid, and then adding a drop or two of a solution of 
potassic nitrite, iodine is instantly liberated, and may be detected 
by the yellowish brown tint it imparts to the solution, or better still 
by allowing it to act upon a solution of starch, to which it imparts 
a fine blue colour, owing to the formation of iodide of starch. This 
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is one of the most delicate tests. The reaction serves eqnally well 
for the detection of If OHo (comp. page 245), or If OsHo, after 
reducing to NOHo (see page 242), thus : — 

2KI + 2NOKo + 4HC1 = !» + 4KC1 + NaO, + 20Ha. 

A solution containing free iodine may also be shaken np with a 
few drops of carbonic disnlphide, which dissolves the iodine, assuming 
a fine violet colour. Ether dissolves iodine, but the colour which is 
produced resembles ether coloured by bromine. 

Nitric acid, containing a lower oxide of nitrogen, acts like a 
?iitrite. 

Bromine or chlorine (or what amounts to the same, ClNao and 
HCl, or metallic peroxides, e.g., BaOa, VbOa, MnOa, and HCl), 
liberates iodine from iodides. According to the quantity of iodide 
employed, iodine separates either as a bluish black powder, forming 
a brown liquid, or in the form of deep violet fumes, which condense 
to beautiful fern-leaf shaped crystals. 

The methods adopted for the extraction of iodine from metallic 
iodides are all based upon the expulsion of iodine by oxygen (or its 
equivalent of chlorine or bromine). Iodine is obtained by distilling 
an iodide with an oxidizing agent and sulphuric acid, e.g.: — 

2KI -h nilllO, + 2SO2H02 = la + SOaMno" -f SOaKoa + 

20Ha, or 

6KI -h CraOjKoa + 7S02Hoa = 3Ia + ROiOaO^ + 4S02Koa -h 

70Ha. 

Concentrated acids, such as SO3H03, or IfOaHo, decompose 
iodides with evolution of SOa and lower oxides of nitrogen, thus : — 

2KI + 2S0aH0a = la -f SOaKoj + SOa + 20Ha. 
2KI + 4W0aHo = la -f 2NOaKo -h NaO* -f 20Ha. 

On fusing an iodide with SOaHoKo, iodine is likewise liberated^ 
thus : — 

2KI + 4S0,HoKo = 3SO,Koa + SO, + I, + 20H,. 

On examining for trtices of iodine by acting upon an iodide with chlorine or 
bromine, excess of the latter elements must be carefully avoided, as the iodine 
^rms with the chlorine or bromine colourless chloride or bromide of iodine, 
and destroys the blue colour of iodide of starch, or the riolet colour of the car- 
bonic disulphide solution. The blue colour of iodide of starch is also destroyed 
by various reducing agents, such as SOj, SHj, ASaOs* SnClj, and BgTaClsf op 
by any organic reducing body. Alkalies destroy the colour, dilute acids (even 
acetic acid) restore it again. On heating iodide of starch the colour disappears, 
but reappears on cooling. , 

The destruction of the blue colour of iodide of starch bv various reducim 
agents is due to the decomposition of water by the iodine, with formation of Hj 
the oxygen being transferred to the reducing agent, thus :— 

S 
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SOHos (a dilute solution) + I3 + OH, - SO,Ho, + SHI. 

SH3 +13 = 2HI + S. 

A8H03 + Is + OH3 = 2HI + AsOHos. 

Hydriodic add is prepared by acting npon iodine suspended in 
water (or dissolved in hydriodic acid), with a cnrrent of SHf 
Sulphur separates and is removed by filtration, and the solution of 
hydriodic acid concentrated by distillation. Its aqueous solution 
absorbs oxygen from the air, water being formed and iodine 
liberated, which dissolves in the undecomposed hydriodic acid, and 
imparts a brown colour to the liquid. 

Insoluble iodides have to be fused with alkaline carbouAtee. 
The aqueous extract is e2caniined for iodine, and the residue for the 
metal. . 

QUESTIONS AND EXERCISES. 

1. How would jou extract iodine from Xg^Is ^ GtiyQ several methodfl, and 

express the changes by equations. 

2. Explain the action of heat upon solid iodides. 

8. Classiiy all iodides according to their solubility in water. 

4. Explain how jou would distinguish HCl, HBr, and HI, whan ocoarrmg in 

one and the same substance. 
6. Explain the action of iodine vapour upon starch. 

6. Why is it preferable to liberate iodine by means of IKfi^ instead of bj 

bromine or chlorine ? 

7. How would you prepare a solution of hydriodic acid ? 

8. How much iodine can be obtained from 100 lbs. of Nal ? 

9. Give graphic formulae for cuprous and mercurous iodides. 

10. Explain how you w'ould distinguish free iodine in the presence of an 

iodide. 

11. What action takes place when a dilute solution of SO2 acts upon iodine, ^T*d 

how can iodine bo made the measure for SOj and tfice vertd f 

12. 10 litres of a mineral water yield *184 grm. of Agl ; how much iodine ia 

there in 100,000 parts of the .water ? 



IODIC AOID, I Q^^.— Potassic iodate is obtained, like the 

corresponding chlorate and bromate, by dissolving iodine in potassio 
hydrate. The iodate crystallises out first, being much less soluble 
than KI. The free acid can be prepared by decomposing bario 
iodate with sulphuric acid, thus : — 

01 

J Bao" + SO,Ho, = 2 1 J]^^ + SO^ao". 

loi 

Iodic acid is also obtained by the action of strong boiling nitric 
acid upon iodine, or by passing chlorine through iodine suspended 
in water. 
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REACTIONS IN THE DRY WAT. 

All iodates are decomposed upon ignition, some breaking up 
into an iodide, with evolution of oxygen ; others into metallic oxides, 
iodine and oxygen being expelled. When heated with charcoal 
they explode less violently than chlorates or bromates. 

REACTIONS IN THE WET WAT. 

We employ a solution of potassic iodate, < ^^ . 

Alkaline iodates alone are soluble in water, 

BaCla gives a white precipitate of baric todate, solnble in nitric 
acid. 

XrOjAgo produces a white crystalline precipitate of aryentle 
lodmt«, sparingly solnble in nitric acid, readily solnble in ammonic 
hydrate (distinction from HI). On the addition of a reducing 
agent, e.g.^ SOHoa, to the clear ammoniacal solution of argentic 
iodate, a precipitate of Agl is obtained, thus : — 

{ ©Ago + ^SOHo, = Agl + 3S0.H0.. 

Potassic iodate is decomposed by SHa, with formation of potassic 
iodide and snlphuric acid, and precipitation of sulphur ; by SOH03, 
with separation of iodine, which (by the decomposition of water) is 
converted into hydriodic acid. 

A mixture of an iodate and iodide is decomposed by weak acids 
(e.^., acetic acid), with liberation of iodine. Traces of an iodate in 
potassic iodide can, therefore, be detected by means of the deUcate 
iodide of starch reaction. 

Iodates which give off iodine when thej come in contact with yarious re« 
dudng agents, «.^., SO3, SSONaoj, SllCls differ, however, in a marked manner 
from bromates by remaining miacted upon by concentrated sulphuric acid, 
unless the action be assistea by deoxidizing agents, such as ferrous salts, etc. 
Instead of acquiring a less stable character by the interposition of the atoms of 
(tsygen between the iodine and potassium, potassic iodate, and still more so 
penodate (obtained by passing chlorine throueh an alkaline solution of potassic 
iodate), are capable of resisting the action of sulphuric acid far more readily 
than potassic iodide. Periodates are, in fact, not reduced by the ordinary 
reducing agents by which iodic acid is reduced, except by SH^. 

QUESTIONS AND EXERCISES. 

1. How are potassic iodate and periodate obtained ? Give equations. 

2. Explain the changes which iodates and periodates undergo upon ignition. 
8. How can iodides, iodates, and periodates be distinguished from each other ? 
4. Explain the change which takes place when potassic iodate is acted upon— 

1st, by reducing agents, e,g.y SO3, SH3, FeCl, ; 2ndl7, by concentrated 
sulphuric acid. 

6. A precipitate contains Agl and •< ^ Aj.^* State how you would separate the 

two salts from each other. 

6. Explain the action of HI upon a mixture of KI and i q^q 

s 2 
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HYDROFLUORIC ACID, HF. — Occurs in nature in combi- 
nation chiefly with calcium in the mineral called jluorspwr {Derby- 
shire spar), CaF2; also as double fluoride of aluminium and 
sodium in cryolite^ 6NaF, AI2F6. It is, ' moreover, met with in 
certain natural phosphates, e.g., coprolite, wavellite, and in a few 
silicates, e.g., topaz, mica, hornhlende. 

REACTIONS IN THE DRY WAT. 

Heated out of contact with the air, most fluorides remain un- 
changed. Volatile fluorides can be distilled ; but when heated in a 
moist atmosphere, or if water be added, they are decomposed into 
oxides (oxyfluorides) and hydrofluoric acid. The changes which 
fluorides undergo in the dry way are of two kinds — 

1st. The fluoride gives off hydrofluoric acid gas, which corrodes 
glass. — By heating a fluoride containing water in a piece of 00m- 
bustion tubing, open at both ends, before the blowpipe, the glass 
around the fluoride is attacked. The experiment may be carried out 
also by mixing a little microcosmic salt with the fluoride, and hold- 
ing the tube in a slightly slanting position. 

By heating a mixture of a fluoride with S03HoKo in a test-tube, 
HF is disengaged, thus : — 

CaFa + 2SO2H0K0 = SOgCao" -h SOjKoa + 2HF. 

The gas corrodes the upper part of the tube on account of its 
action upon the SiOa of the glass, with which it forms a gaseous 
compound, silicic fluoride, SiF4, thus : — 

4HF -h SiO, = SiF4 + 2OH2. 

2nd. The fluoride is decomposed hy SO2H0K0, in the presence of 
a borate, with formation of volatile boric fluoride, BF3. — By heating 
a mixture* of powdered SO2H0K0 and fused borax with the finely 
powdered fluoride, on the loop of a platinum wire, in a clear flame of 
a Bunsen gas lamp, boric fluoride is disengaged, imparting « 
beautiful yellowish green colour to the flame, which is highly 
characteristic, although very evanescent. 

REACTIONS IN THE WET WAY. 

"We employ A solution op sodic fluoride, NaF. 

Most metallic fluorides are solid; others, again, such as the 
fluorides of the metals whose higher oxides possess acid properties, 
form volatile, fuming, highly corrosive liquids, or are gaseous at 
the ordinary temperature. 

Fluorides are either soluble in water and more or less crys- 
talline, such as KF, NaF, AmF, AgF, SnFj, Pe,F«, BgF„ 

• 10 eq. of SO2H0K0 (= 10 X 136). 
3eq. ofCaFj (« 3 x 7«). 

1 eq. of B40jNaos 202. 
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or insoluble in water and amorphous when obtained by precipitation, 
e.g., CaF„ BaF„ FbF^ ZnFi. 

The reactions wliich a Bolable fluoride gives hj doable deeom- 
potition with solutions of salts, whose metala form insoluble 
fluorides, are not very characteristic. 

BaCU produces a btiUcy while precipitate of buie llnorlAe, 
8aFi, soluble in hydrochloric acid and is much amnionic chloride. 

CaCli (or CaHo:) gives a gelatinous translucent precipitate of 
c«icte llnvrMe, CaFj, which becomes visible by the addition of 
ammouic hydrate. CaF, is slightly soluble in cold hydrochloric or 
nitric acid, difficultly soluble in boiling hydrochloric acid, leSB 
soluble in acetic acid, insolnhle in free hydrofluoric acid, soluble to 
some extent in ammonic chloride. 

ITOiAgo produces no precipitate. (DisxracTios between HP 

AND HCl.) 

It is preferable to t«st for HF by the reactions based upon the 
formation of gaseous S1F( or BFj. 

All fluorides (soluble or insoluble) are decomposed on heating 
with concentrated sulphuric acid, with disengagement of HF, a 
metallic sulphate being left, thus : — 

CaF, + SOiHo, = 2HF + SOjCao". 



Hydrofluoric acid gas is highly 
rosive, and should not be inhaled. K 
it comes in contact with silica (e.g., in 
glass), SIF, is formed. The gloss be- 
comes corroded or etehed. 

Ite tiction upon eIou mnj be sbown also 
bj covering a pUtinnm crucible, conlain- 

ing k little finelj powdere<l fluoride nnd con- 

DentraMd aulphuric acid, tilth & piece of gliua, 

e.g., ■ Hatcb-glaw. Tbe vapour of the evolved hydrofluoric acid oorrodea the 
glass. The action of the hydrofluoric acid becomes sppareat, when the glau u 
covered with a thin layer of melted wax, and some deaign scratched on the waxed 
side with a pointed instrument. The gas acts upon the unprotected portion of 
the glass. To prevent the melting of the wax, a little cold water is kept on the 
watch-glass. The design will be found etched more or lees deeply into the glass, 
after the removal of the wai. Mere traces of a fluoride are thus detected, and M 
no other substance attacks glass similarlj, the reaction is perfectly charocteristio 
for hydrofluoric acid. 

If the fluoride contun much silica, sulphuric acid disengages 
silicic fluoride inst«ad of hydrofluoric acid, which does not attack 
glass ; but when passed into water — best by letting the delivery 
tube dip into a little mercnry— it is decomposed into hydrofluo- 
silicic acid and into SiHot, thus : — 

3SIF4 -t- lOH, = SlHo. + 2(2H1•^ 8IF4). 
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This reaction is employed for detecting fluorine in eilicatea, or if 
applied to flnorideB which are free from ailica, some finely powdered 
qnarta or glass ia first mired with the fluoride, before traaiing with 
Bolpharic acid, and passing the silicic fluoride into water. 

The eiperiment may be performBd in a glM» fla«k «' >in«ll •*»"« nn bottle 
(Kg. 87), proTided wilh ■ wide deliTerytube, whicli dipt nndor marmrj oon- 
tained in m ranaU ponxlun eof 
at, the bottom of a beakor or 
glau cjlinder. C^re ihonld ba 
taken Uiat the iniide of the ds- 
Utbtj tube remain* peifeetlr 
dry, irben the leueiiiiig vimH 
ia filled -with water. A mizbne 
of one part by wei^t of fioelj 
powdered flnonpai*, and one 1^ 
weight of Bne aand ii introduoed 
inU) the glaaa or stone wan 
Tcmel. Seren to eight parta far 
wei^it of oil of Titriol are f^**"", 
and the whole •baken np to- 
gether and gently heatod upon a 
■and- (or water-) balh. Bach 
bubble of the erolred SIF^, on 
pauing through the water, ia 
deeompoeed, with eeparation of 
gelatinoiu nlica, which aft«r a 
time fllla the whole ^aaa Teeael 
'"■ "• in the fonn of a denn jeUy, 

The ailica ia eeparated by itrain- 
ing through a clolh from the hjdrofluosilicio acid, which may be returned ti> the 
gliiiH cyUnder, and a fresh quantity of SIF, paawd throngh, till the add nln- 
tion ha* become sufficiently concentnted. 

Silicates which are not decomposed by sulphuric acid, are fiuad with (bur 
^rte of fusiOD miitura. The fued maw is eitracted with water and Shared. 
The filtrate contains the fluorine in the form of alkaline fluoride* toaather with 
alkaline silicates. On slightly acidulating witJi dilute hydroohlorio aed to daoom- 
ppse the eiccsi of alkaline carbonates, and then digesting with ammonio hydimte, 
bIHoi is precipilat«d, which can be filtered off, Itaring the alkaline flnot" 
On adding OaHoj or OaCls, and dijreeting at a Bi - ■ ■ 

of Oar ■"- ■ - P 




pitate ol 



entle heat, ^ 
. s obtained, which is filtered off, dried, and examiaed. If phoa- 
phoric acid be present, the precipitate contain* PjO, Coo'i, a* well •* OaFt, 
which doe* not, howerer, interfere with the diaengagement of hydiofloDrio 
acid gaa. 

latoluhlt fluorides. e.fi., CaF;. are not eomplelrly deeompoeed by fizaion with 
alkaline carbonates, iinlcHs SlOi be present. 

QUESTIONS AND KSERC1SE3. 

1. Which are the most important natural compounds of fluorinef 
'i. What chanKes do solidfluorides undergo when healed by theniselTea i Sndly, 
when mixed wit^ mierocosmic salt or hydric potaMie tulphat^ t 

3. IIow is SFa fiirmecl, and why iliies it furnish ui with a chaf«cteri*tii: reao- 

tiiin for niioriiie or rief twdl for boron ? 

4. Glassifv fluorides nccording to their solubility in watiT. 

6. Dceeribc some rharacteiistic miitions for fluorine in tlie wet way. 

6, IIow would .von itiilineuish gaivui'< lU't from HFP 

7, How is hT<irofliiorii- ai-id gaa prepared ? Kx|i]uiu iU he li.m ^vny glaaa. 

8, How KoiilH you it*t for iimall (quantities of a fliKiricle P 
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9. Explain the action of concentrated sulphuric add upon a fluoride contain- 
ing much SiOj. 

10. How is fluorine detected in silicates decomposable bj SOsHoji containing 

traces of a fluoride ? 

11. How can fluorine be detected in a mineral containing a silicate which is not 

decomposed by sulphur ic a cid, some phosphate, and traces of a fluoride ? 

12. How would jou prepare KF, AmF, 2KF, SIF4, gaseous 8iF4, and liquid 

HFP 



HYDROFLUOSILICIO ACID, 2HF,S1F4.— Obtamed by 
passing SiF4 into water and separating the precipitated silica by 
filtration. 

It forms salts called silicoflnorides, or flnosilicates, on acting 
npon metallic oxides, hydrates, or metals, snch as Fe or Zn (these 
latter with evolution of hydrogen), of which the potassic and baric 
silicoflnorides are the most interesting. 

REACTIONS IN THE DRY WAT. 

Silicoflnorides are decomposed by heat into fluorides, with dis- 
engagement of SiFi. 

REACTIONS IN THE WET WAT. 

A CONCENTRATED SOLUTION OP THE ACID may be employed. 

On evaporating a solution of 2ilF,SiF4 in a platinum vessel, it 
volatilizes, and is decomposed into SiF4 and 2HF. The acid 
ought not, therefore, to be heated in a glass vessel. 

A few silicofluorides, e.g., 2KF,SiF4, 2NaF, SIF4, BaF,, SiF4, 
are difficultly soluble in watery and are rendered quite i/nsohible by the 
addition of alcohol. Most other metallic silicoflnorides are readily 
soluble in water. 

BaClt precipitates translucent crystalline Imrie sllloollaorlde, 
BaFs,SiF4, which falls out very readily. The precipitation is com- 
plete on the addition of an equal volume of alcohol. Strontium is 
not precipitated from concentrated solutions. (Distinction between 

BARIUM AND STRONTIUM.) 

KCl gives a translucent gelatinous precipitate of dlpotasslc sUtco* 
flnoride, 2KF,SiF4. 

AmHo separates SIH04 and forms AmF. 

On beating a metallic silicofluoride with concentrated sulphuric 
acid in a platmum crucible, covered with a watch-glass, the glass 
becomes corroded or etched. 



QUESTIONS AND EXERCISES. 

1. How is 2HF,S1F4 prepared? 

2. State how 2HF,SiF4 acts upon EHo, OH2, Fe, CuO. 

3. What decomposition takes place when silicoflnorides are heated — Ist, hj 

themselves ; Sndly, with concentrated SO2H02 ? 

4. How is BaF„ 8tF4 obtained P 
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5. How can strontium and calcium be separated from barium bj meant of 

2HF,S1F4 ? 

6. What proportions bj weight of CaFs, SiOs, and SO2H02, are required 

for the preparation of 2HF,S^4 ^ 



PHOSPHORIC ACID, POH03.— This acid is never met 
with in the free state in nature, but invariably in combination with 
bases, such as CaO, MgO, Al203, FeO, FezOs, PbO, as hone- 
ash, sombrerite, coprolites, apatite, wagtierite, wa/vellite, vimanite^ pyro- 
morphite, etc. 

Its most characteristic properties have already been described 
(Chap. XVI). 

REACTIONS IN THE DET WAT. 

Normal phosphates of fixed bases are not decomposed upon 
ignition. Mono- and di-hydric normal phosphates lose water, and 
are converted into pyro- and metaphosphates, thns : — 

(1) 2POHoNao2 = PjOsNao* + OH,. 

Sodio 
pyrophosphate. 

(2) POHojNao = PO^Nao + OH,. 

Sodic 
metaphosphate. 

Fnsion with canstic or carbonated alkalies converts pyro- and 
metaphosphates into normal or orthophosphates. Boiling with 
concentrated acids (ir02Ho) effects this conversion likewise. 

Alkaline earthy phosphates are only partially decomposed by 
fnsion with alkaline carbonates ; most others, e.g,, magnesic, ferrio, 
zincic, nickelons, manganons, cnpric, phosphates are completely de- 
composed. The solution contains trisodic and tripotassic phosphates. 
PjOjAljO^ can only be decomposed by fasion with silicic anhydride 
or sodic silicate (water-glass) and fusion mixture,* being converted 
into sodic aluminic silicate and trisodic phosphate. 

REACTIONS IN THE WET WAY. 

We employ A solution of hydric disodic phosphate, POHoNaoa. 
All phospnates may be divided into — 
1st. Fhosphates which are soluble in water, comprising the 

alkaline phosphates only ; and 
2nd. Phosphates which are insohihle in water, hut soluble in 
mineral acids (some also in acetic acid), comprising all 
other metallic phosphates. 
The following arc some of the more important reactions by 
double decomposition : — 

BaClj yields a white precipitate of hydric baric pfcespfcate, 
POHoBao' , difficultly rulubloinammonic chloride, soluble in nitric 
or liydrochloric acid. 

* One part of SiO*, together with six parts of fusion mixture. 
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CaClt, or SOsCao" prodnces a white precipitate of hydrlc calcic 
ph(Mph«te, POHoCao", readily soluble in mineral acids,* soluble in 
acetic acid, after being freshly precipitated, difficultly soluble in 
amnionic chloride. 

SOaMgo" (or MgClf) in the presence of AmCl and AmHo pro- 
duces a wkUe crystalline precipitate of ammonlc mairnestc phosphate, 
POAmoMgo" + 6 aq., insoluble in ammonic hydrate, readily 
soluble in acids, even acetic acid. A dilute solution of sodic phos- 
phate is only precipitated after some time. The precipitation is 
promoted by stirring and allowing the liquid to stand in a warm 
place, when the precipitate is seen to adhere in the form of white 
streaks, more especially to those parts of the glass vessel which have 
been touched by the glass rod. 

This is the most important reaction for ^OHoa, which is almost 
invariably resorted to, both for the recognition of MgO and 
POH03. 

ir02Ago gives a yellow precipitate of trlarsenttc phosphate, 
y OAgOa, soluble in ammonic hydrate and in nitric acid. 

r < ^Q^ j2Pbo", plmnbtc acetate, produces a white precipitate of 

plumbic phosphate, VsOsPbo"3, readily soluble in nitric acid, almost 
insoluble in acetic acid, as well as ammonic hydrate. If the pre^ 
cipitate is fused before the blowpipe on charcoal, the bead appears 
crystalline on cooling ; no reduction to the metallic state takes place. 

PCaCle gives a yellowish white gelatinous precipitate of ferric 
phosphate, 3P20aFe2O^, soluble in hydrochloric acid. The ferric salt 
should be added drop by drop, sufficient to just impart a red tinge 
to the supernatant solution, since the precipitate is soluble in 
excess of ferric chloride. Sodic acetate must be added to remove 
the two molecules of free hydrochloric acid which would otherwise 
dissolve some of the precipitate. 

When phosphoric acid has to he removed from a phosphate dissolved m 
hydrochloric acid, e.^., from the alkaUne earthj phosphate, PsOaCao^'s, the free 
acid is nearly neutralized with ammonic hydrate or ammonic carhonate, and 
then sodic acetate added, which, hy douhle decomposition with the free hydro- 
chloric acid, forms sodic chloride and free acetic acid, in which the precipitate, 
produced hy a slight excess of ferric chloride, is absolutely insoluble. The 
mixture is heated to boiling, a reddish brown precipitate is obtained, which 
contains the whole of the phosphoric acid. It must be filtered hot, and washed 
with hot water, the filtrate contains the alkaline earthy bases as chlorides. 

^LsOHos exhibits with ferric chloride a similar reaction, and 
has, therefore, to be separated from a HCl solution, by boiling with 
OAmo2 and precipitation by a current of SH2 gas. 



Small trances of phosphorus (phosphoric acid), usually found in 
iron ores, in pig iron, steel, sheet copper, etc., are best precipitated 
after dissolving the ore or metal in hydrochloric and nitric acids, 

• FjOjCao^a + 4lf O2H0 = F202Ho4Cao" + 2 ^Q^Cao", 

Soluble tetrahydric 
calcic diphosphate, reprecipitated by AmHo. 



266 PYllO- AND METAPHOSPHORIO AOID. 

whereby the phosphoms is converted into 90Bjo^ by adding a 
solntion of amnionic molybdate and free nitric acid ; the silioio aeid 
shonld be separated by evaporation to dryness, and arsenic acid, if 
present by sulphuretted hydrogen. On digesting the solution at a 
gentle heat (60° C.) for some time (honrs if necessary), and stirring^ 
with a glass rod, a bright yellow precipitate of ■■■— ato ] 
molybdate is obtained. 

The constitution of this precipitate is not well understood ; 
know merely that it contains molybdic acid, ammonia and phos- 
phoric acid* (about 3 per cent). On dissolving the yellow piecim- 
tate in ammonic hydrate, filtering, and adding SOsMgo", AmUl, 
and AmHo, the phosphoric acid is obtained as VOAjoOiCMgo" . 

White of egg (albumen) is not coagulated bj tribasic phosphoric add, nor bj 
a solution of an orthophosphate acidulated with acetic aoicL 



FYROPHOSPHORIO ACID, T,OJIoi,—Fjroph()BpbBitm 
are obtained by heating monohydric phosphates. They are cdf little 
importance, however, since they are not usually met with in natural 
compounds, and as they are speedily conveited, by the adtaxxn of 
acids or alkalies, into tribasic phosphates. 

REACTIONS IN THE WET WAT. 

We employ A solution of sodic pyrophosphate, VsOiNao4. 

Alkaline pyrophosphates are soluble in water. 

All others are insoluble in water, but soluble in dilute acids. 

The presence of a soluble pyrophosphate is indicated on adding^ 
irO»Ago, which gives a white precipitate of arsentle pjrmphm&ttuitm, 
V203Ag04, soluble in nitric acid and ammonic hydrate. 

Albumen is not coagulated by the free acid, nor by an aoetie 
solution of a pyrophosphate. 

MozAmoa does not give a precipitate, until by the action of 
mineral acids the pyrophoRphate has been converted into tribasie 
phosphate. 



METAPHOSPHORIO AOID, PO,Ho, is distinguished 

from the tetra- and tribasic acid as follows :^— 

Albumen gives an abundant white precipitate with the free acid, 
and with soluble metaphosphates, on the addition of acetic acid. 

SOzMgo", AmCl and AmHo fail to precipitate soluble meta- 
phosphates. 

In the ordinary course of analysis both pyro- and metaphoephates 
are converted into tribasic phosphates, and their tetrabasio and 
monobasic nature is lost sight of. They can, therefore, only be 
detected by special experiments. 

• Mo,0», 90-7 P.C J F.O*. 31 P.O ; OAni„ 3 6 P.C. and OH„ 2-6 P.O. 
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FH08FH«R«U8 ACID, FOHHo,, (dibasic).— The formation of phos- 
phorous anhydride by the action of dry air upon pliosphorus has abeady been 
mentioned. By combining with water it forms a very weak acid, and with 
hydrated alkalies alkaline phosphites. 

BBAOnONS IS THB IXBY WAY. 

Heated by themselres on platinum foil, phatphiiei are decomposed, burning 
with a bright flame. Heated in a retort they evolre hydrogen, mixed towards 
the end of the decomposition with PH3, and are converted into phosphates. 

BBACmONS IK THB WIT WAY. 

A BOLTTTiOK 07 8QDIC PHOSPHiTB, POHNaO), may be employed. 

Alkaline phofphitet are soluble in water. 

All other phoephites or e^ for the moet part, difficultly soUthle or insoluble in 
uxUeTf but soluble in acetic acid (POHPbo'' excepted). Phosphites (as well as 
hypophosphites) are of interest mainly on account of the powerful reducing 
action which they exert upon salts of various metallic oxides, capable of forming 
lower oxides, or of beine reduced to the metallic state, as well as upon the lower 
oxides, etc., of metalloios, 0.^., SO3. 

VOjAgo is reduced thereby to metallic silver, especially in the presence of 
ammonia and on the application of a gentle heat. 

SjrOIs and V204Ug3o'' are reduced to SgTsC^a &i>d metallic mercury. 

SO] forms a phosphate with liberation of sulphur and evolution of SH9. 

Nascent hydrogen yields a mixture of H and PHs which fumes in the air and 
bums with an emerald green colour. When passed into a solution of argentic 
nitrate, the gaseous mixture precipitates PAg3 and metallic silver. 

The insoluble phosphites of Ba, Ca, Pb, etc., are obtained by double decom- 
position, the latter salt being insoluble in acetic acid. 



HTPOFHOSPHOROU8 ACID, FOK3H0 (monobasic). ~ Obtained by 
the action of alkalies or hydrates of the alkaline earUiy bases upon phosphorus 
and water. 

P4 + 3OH3 + 3KHo = 3FOH2E0 + FB^. 

BEACTIONS IN THB DBY WAY. 

Hypophosphites are decomposed upon ignition into pyrophosphates and 
FHj. 

4FOH2K0 = F2O3K04 •¥ 2FH3 + OH2. 

BEACTIONB IN THE WET WAY. 

A SOLUTION OF POTAS8I0 HYP0PH08PHITE may be employed. 
All hypophosphites are soluble in water. They constitute even more powerful 
reducing agents than the phosphites. 

Nitric acid or chlorine water changes them into phosphates. 

SO2H0S is reduced to SOH02, partly even to sulphur. 

SO2CU0'' is reduced to metallic copper. 

lElgCli is reduced to SgrsC^a* <^d then to mercury. 

AuCli and V02Ago yield the pure metals. 

Zn + 8O2H03 (nascent hydrogen) yield H and FH3. 

In the ordinary conrse of analysis, both phosphorous and hypo- 
phosphorous acids are converted into phosphoric acid, and they 
must therefore be identified by the S|)ecial reactions just deBcribed. 
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QUESTIONS AND EXERCISES. 

1. How does phosphoric acid occur in nature ? 

2. Explain Uie action of heat upon POHo^ao, POAmoMgo'', and 

^OHoAmoNao. 

3. How are meta- and pyrophosphates converted into tribasic phosphates ? 

4. Explain the action of potassic hydrate or carbonate upon jPsOsFesO^', 

tjOjCao^a, PjOaCuo 3, POHoBao", in the wet and dry way. 

5. How can PsOjAljO^^ be decomposed ? 

6. Classify all phosphates, pyrophosphates, phosphites, and hypophosphitei 

according to their solubility in water. 

7. Explain the solvent action of HCl or VOsHo upon the alkaline earthy 

phosphates. 

8. How is phosphoric acid removed from alkaline earthy phosphates ? 

9. State how you would detect traces of phosphoric acid in a soil, or phoephorus 

in metaUic copper or cast iron. 

10. What is the approximate composition of ammonic phospho-molybdate? 

11. Which reactions enable us to distinguish between tribasic, tetrabasic and 

monobasic phosphates ? 

12. How would you prove the presence of magnesic, as well as of potassic phoa- 

phates in wheat flour, in pale ale, and in cheese ? 

13. How would you prepare POHjHo and (POH2)jCao"? 

14. How are calcic phosphite and pot-assic hypophosphit« acted upon by heat ? 
16. What are the products of oxidation obtained on burning PHg in aur ? 

16. Explain the deoxidizing action of phosphites and hypophosphites. 

17. How can potassic hypophosphite be detected in the presence of potassic 

phosphite and phosphate ? 

18. How would you prepare gaseous PHj ? What is its action upon solutions 

of cupric sulphate and argentic nitrate ? 

19. GKve symbolic and graphic formuhe for gaseous phosphoretted hydrogen, 

calcic hypophosphite, cupric phosphide. 

20. Express by a symbolic equation the change which POHH03 undergoes 

when' it is acted upon by SO2H00, by SO^Cuo'^ or by AuCls. 

21. How would you convert bone-ash into a soluble calcic phosphate (into 

P303Ho4Cao'' — a constituent of calcic superohosphate) ? 

22. 5*4 grms. of cast iron yielded '046 of Ps^s^go''^ ; what is the percentage 

of phosphorus in the iron ? 



SILICIC ACID, SiRoi.— Silicic anhydride or silica, S10„ 
occurs in nature both in a crystalliiie and ainorphous condition, 
either in the free or combined state. Quartz and rock crystal are 
composed of almost pure crystalline silica. Opal, hyalite, and some 
other minerals consist of amoi'phous silica, and are probably derived 
from silicic hydrate by a process of slow dehydration. Other 
silicious bodies, such as chalcedony, a^ate, flint, are principally com.- 
posed of amorphous silica, or of a mixture of the two. 

The compounds of silica with bases, especially with OK^, OKa^ 
CaO, MgO, ^IfOs, FeO, MnO, are exceedingly numerous, and 
vary to a very great extent in their constitution and properties. 

REACTIONS IN THE DRY WAY. 

Both varieties of siHca are characterized by their infusibility 
when heated by themselves before the blowpipe, or in a bead of 
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microcosmic salt. Pure silica foses with sodic carbonate to a clear 
glass, which remaiiis transparent on cooling. If a silicate be heated 
in like manner, its base or bases are dissolved by the microcosmic 
salt, while the silica is seen to float about in the liquid bead as a 
silica skeleton. Silicates containing coloured oxides give rise to 
opalescent beads, in which the SiOs can be distinguished only with 
difficulty. 

When silica, or a silicate rich in silica, is heated before the blow- 
pipe with sodic cai-bonate, the Si02 displaces the CO2, and forms a 
clear glass of sodic silicate. The alkaline carbonate should not be 
employed in excess. Calcic and magnesic silicates do not dissolve 
to a clear bead as a rule. 

Beyond identifying silica and obtaining a general knowledge of 
the nature of any silicate under examination, respecting its fusi- 
bility, state of hydration, etc., the blowpipe reactions fail to supply 
distirguishing tests regarding the chemical composition of these 
bodies, since a very large n amber of silicates differ from each other 
merely in the relative proportions of their component metallic 
elements. 

REACTIONS IN THE WET WAY. 

All silicates may be divided into — 

1. Silicates which are soluble im water ^ including only potassic 
and sodic silicate ; and 

2. Silicates, insoluhh in ivater, including all others. 

These latter silicates are either soluble in concentrated hydro- 
chloric or sulphuric acid, or partly soluble and partly insoluble, or 
lastly, insoluble in these acids. 

All insoluble silicates are attacked by hydrofluoric acid, with 
disengagement of silicic fluoride, or by fusion mixture (or caustic 
baryta) at a high temperature. 

By treating an aqueous solution of sodic silicate, SiNaOi, with 
dilute hydrochloric acid, it is decomposed into NaCl and SiHoi. 
The latter remains either dissolved in the acid, or is partially sepa- 
rated as a flaky or gelatinous mass. On evaporating in a porcelain 
dish over a water-bath, the gelatinous mass becomes firmer, and 
can be broken up, by means of a glass rod, into lumps, which 
speedily lose their water, leaving anhydrous silica, especially on 
being ignited on a sand-bath, as long as acid fumes are evolved. 
The dried mass is treated with a little concentrated hydrochloric 
acid and hot water, when NaCl is dissolved out (together with small 
quantities of Al and Fe — impurities in the sodic silicate). The 
impalpable powder of amorphous silica is thrown on a filter and 
washed with hot water, dried and ignited (comp. Exp. 92). 

AmCl and COAmo2 precipitate SiHo4 from a solution of sodic 
silicate. Salts of most of the heavy metals, as well as of the alka- 
line earthy metals, form by double decomposition with a soluble 
silicate, white or yellowish white silicates, soluble in dilute hydro- 
chloric or nitric acid, which, however, possess no characteristic 
properties. It is, therefore, necessary to remove the silica in order to 
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detect bases, by evaporating to dryness with bydrochlooric acid. On 
digesting the dry mass with a little hydrochloric acid, the metallic 
oxides are dissolved, and can be separated by filtration froni tlie 
silicic anhydride. SiOa, like P2OS, is detected wJdUt testing for 
hoses. 

Most sUicates are insoluhle in water. Many of the natural silicateSy 
e,g.y zeolites, as well as certain artificial silicates, such as slags from 
blast furnaces, etc., are decomposed on digesting the finely pow- 
dered silicate with concentrated hydrochloric acid. The gelatmona 
mass is evaporated to dryness on a water-bath, when amorphoiis 
silica separates. 

Silicates, such as kaolin, which are not dissolved by hydrochloric 
acidf can freqttently he decomposed^ either partly or whoUy^ by hoi 
concentrated sulphuric Ordd ; many natural silicates yield more or 
less silica, on treatment with hydrochloric acid, which silica may be 
taken to represent the solnble silica or the decomposable silicates, 
leaving the greater portion of the mineral behind in an insoluble 
condition. 

Silica, or silicates insoluhle in acids, are readily oMihcked by 
gaseous hydrofluoric acid or CaF2 (Fluorspar) and SOaHos, gaseous 
SiFi heing given off. This method is invariably resorted to when- 
ever alkalies are present in a silicate, as e,g., in felspar, SIcOgKoiAUo^. 
A little of the finely powdered silicate is moistened with strong 
ammonia, put into a platinum crucible or small platinum capsule^ 
and exposed to the action of gaseous HF. This gas should be gene- 
rated in a leaden or platinum vessel. The platinum cmcible is to 
this end placed in a small leaden vessel, which can be closed with 
a lid of the same metal. A layer of fiuorspar is put at the bottom 
of this vessel, mixed and covered with concentrated sulphuric acid. 
The platinxmi crucible rests on a leaden tripod. The leaden vessel 
after being covered and luted with moist linseed meal, is placed for 
a day or two in a warm place. The crucible is then taken out, and 
its contents cautiously evaporated by applying a gentle heat, as 

shown in Fig. 88, from the upper part of 
^ the crucible downward, till the whole of 

the ammonic fiuoride has been driven offl 
The dry residue is dissolved in hydro- 
chloric acid, and tested for bases. A 
small residue is usually left, which is 
filtered ofi* and treated once more in the 
same manner. 

The same result mav be obtained more 
expeditiously by treating the mineral in 
a platinum crucible with liquid hydro^ 
fluoric acid, and evaporating cautiously 
in a closet which stands in connection 
with the chimnev, and which has a good 
in-draught of air. The residue is dis* 
solved in hydrochloric acid. Any 
Fio. 88. luble residue which may be left is 
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rated by filtration and treated again with hydrofluoric acid. This 
treatment has generally to be repeated several times, before the 
whole of the bases are obtained in a soluble condition. 

Treatment with OAF3 and concentrated SO2H03 is objectionable, on account 
of the formation of insoluble SOHosCao". 

All silicates insoluble in water amd a^Ms, no matter whether they 
contain alkali metals or not, mo^ he decomposed by fusion with alka- 
line carbonates (fusion mixture). They are first ground up very 
finely in an agate mortar, then intimately mixed with three to four 
times their weight of i^ion mixture and heated in a platinum 
crucible as long as any COi is given oflP. This may be done over a 
good Bunsen gas lamp or by means of a Herapath gas blowpipe. 
(A platinxmi crucible can be employed with safety only when the 
absence of easily reducible and fusible metals has been established 
by a preliminary examination of the silicious substance in the dry 
way.) The silica is thus obtained in combination with the alkalies 
and dissolves in hot water, and the bases (CaO, MgO, JLlzOs, 
JTezOs, etc., etc.) are left as insoluble oxides or carbonates, and may 
be separated by filtration ; or the whole mass is at once treated 
with dilute hyd[rochloric acid and evaporated to dryness. Silicie 
anhydride is left, and the bases are removed as chlorides by filtration. 
It is obvious that we must examine for the alkali bases in a separate 
portion, by treatment with hydrofluoric acid. 

Pure amorphous silica £ssolves completely, when boiled in a 
platinum vessel with an aqueous solution of fixed caustic or car- 
bonated alkalies. 

SiOs is separated from TiOj (titanic anhydride) by fusion with SO3H0K0 
in a platinum crucible, and subsequent treatment witb water ; the SiOj remains 
undissolyed. The TiOj is precipitated from the acidulated aqueous solution by 
long-continued boiling. 

QUESTIONS AND EXERCISES. 

1. QWe instances of crystalline and amorphous silica. 

2. Describe the reactions for SiOs in the dry way. 

3. Classify silicates acoordingto tbeir solubiUty in water and acids. 

4. Explain the action of W, or of CaFs and concentrated SOJELo^ upon 

siUcates. 
6. Describe how amorphous silica is obtained from SlNao4, from quarts, or from 
felspar. 

6. How would you ascertain the presence of potassium or sodium in a silicate 

soluble in HCl, and in a silicate insoluble in HCl, e.^., in Bohemian glass P 

7. What is the action of caustic and carbonated aJkaliet upon amorphous 

sihca? 

8. How is TiOa separated from SlOs ? 

9. How is silicon detected in pig ixon P 



BORIC AOID, BHo, (orthoboric acid).— Is found in nature, 
both combined and in the firee state. Its preparation from borax 
has already been descri bed, a s well as its most characteristic pro- 
perties. (Comp. Chap. XVII., Part I.) 
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REACTIONS IN THE DRY WAT. 

Most borates swell up when heated by themselves, and fnse 
into a transparent glass which dissolves metallie oxides, prodno- 
ing various colours. The free acid forms scaly crystals, possess- 
ing a pearly lustre and feeling peculiarly greasy to the touch. 

When heated to 100° C. the crystals lose water and become con- 
verted into metaboric acid, BOHo. This acid fdses to a colourless, 
transparent, glassy looking mass, — boric anhydride, BsOs, which 
can be kept in a liquid condition without loss from volatilization. 

A mixture of SO2H0K0 and a borate, heated on a platinum 
wire in a blowpipe flame, imparts a green colour to the flame, 
owing to the liberation of boric acid. 

To detect traces of boric acid before the blowpipe, the borate is 
powdered and mixed with SO2H0K0 and CaFj.* (Comp. page 260.) 
The mixture is made into a stiff" paste with a few drops of water, 
and cautiously introduced on the loop of a platinum wire into the 
inner blowpipe flame, when the outer flame acquires momentarily a 
yellowish green tint^ owing to the volatilization of boric fluoride, 
BF3. Phosphates as well as copper salts, when moistened with sul- 
phuric acid and heated in the outer flame, give likewise a green tint 
to the flame. 

REACTIONS IN THE WET WAY. 

We employ A solution of borax, B405Naos. 

The alkaline borates are soluble in ^vater, all others are difficultly 
soluble f but none are absolutely insoluble. All borates dissolve in adds 
and amtnonic chloride. 

The precipitates produced by double decomposition of a soluble 
alkaline borate with salts of the alkaline earths, or with plumbic, 
argentic, mercurous, or ferrous salts, etc., are white or yellaitish 
white^ and are readily soluble in acids and ammonic chloride. 

The free acid dissolves in water and alcohol, and its solntiona 
impart to a Bunsen gas flame a fine green colour. An alcoholic solu- 
tion placed in a porcelain dish burns with the same characteristio 
flame, jmd the colour becomes all the more perceptible, when the bom- 
ing alcohol is stirred with a glass rod. It does not show in the pre- 
sence of alkaline hydrates or carbonates, or of any other base. The 
reaction is equally vitiated by the presence of sodic or calcic chlo- 
ride, or even by the presence of small quantities of an alkaline 
tartrate, free tartaric or phosphoric acid; but the green colour 
becomes again perceptible on the addition of a Utile concentraied 
sulphuric acid. 

A green flame (of a somewhat greenish blue tint, however) is obtained alao 
by healing many metallic clilorides with alcohol and concentrated sulphuric meid 

r csir 

(owing to the formation of ethylic chloride, < ch!1cP* *^ ^^ passing h7dit>- 
chloric acid gas into the flame of burning alcohol. 



* Tlirec to four ^mrts of the flux (consisting of one part of powdered OttFf 
and four and a half to five partd of SOsIIoKo). 
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Boric acid, when combined with bases, requires first to be 
liberated, by the addition of a little concentrated snlphnric acid^ 
before its alcoholic solution can produce the green flame. 

If a borate is not decomposed by sulphuric acid, it is ftised with 
potassic hydrate, and the fused mass taken up with alcohol. On 
the addition of concentrated sulphuric acid the burning alcohol shows 
the characteristic green flame. 

An aqueous solution of boric acid cannot be evaporated without 
loss of the acid from volatilization. 

An alcoholic solution of boric acid colours turmeric parper reddish 
hroum, especially on drying the strips of paper in a warm place (a 
water-oven). This colour becomes more intense in the presence of 
hydrochloric or sulphuric acid (even in the presence of nitric or 
tartaric acid). The colour produced by heating turmeric paper 
with hydrochloric acid is blackish brown, and must not be con- 
founded with the colour produced by boric acid. The dried paper 

acquires a blackish tint when dipped into alkalies. 

Hydrofluoric acid (or 8O2H03 and CaFj), decomposos all borates, with fofr- 
mation of Tolatile boric fluoride, thus : — 

BANaoa + GCaFj + 7SO2H02 = GSOHoaCao" + SOaNaoz + 4BPs + OH2, 

and if the gaseous boric fluoride be passed into water, it forms a peculiar acid^ 
hydrqfluoborio acid — the constitution of which is not well understood, thus : — 

4BF8 + 80Hj = 3(BFj,HF) + BHog. 

Hydrofluoboric 
acid. 

This acid combines with bases, forming borqfluorides or fluohortUes^ thus :-^ 

BF8,HF + KHo = BFj,KF + OH,. 

QUESTIONS AND EXERCISES. 

1. How is metaboric acid obtained ? 

2. Explain the reactions in the dry way for boric acid or borates. 
8. Classify borates according to their solubility in water. 

4. Explam the colour test for boric acid. 

5. How are borates, insoluble in water, examined ? 

6. Explain the action of HF upon boric acid. 

7. State how you would prepare argentic borate, plumbic borate, hydrofluo* 

boric acid, and potassic fluoborate. 

8. Explain the action of boric acid upon turmeric paper. 

9. What is the weight of one litre of BF3 gas ? 



HYDROfSYANIC ACID, (Prnssic acid) HCy.— This acid con- 
sists of hydrogen and the componnd radical cyanogen, Cy, Inolecnle 

I 'f*'"]^'"' -^^ forms with metallic oxides salts, called cycmidesy ana- 
logons in their chemical constitution to chlorides, bromides, etc. 
Cyanogen cannot be obtained by the direct combination of carbon 

T 
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and nitrogen, but an alkaline cyanide resnlts from the action of 
canstic or carbonated alkalies upon nitrogenous organic bodies, such 
as fibrin, albumen, and gelatin at a high temperature. The best known 
cyanide, viz., potassic cyanide, KCy, unless specially purified, 
contains more or less potassic cyanate, CyKo, and potassic car- 
bonate. 

BEACTIONS IN THE DRY WAT. 

KCy and NaCy are not decomposed upon ignition in close 
vessels, as may be inferred from their mode of manufacture ; but 
when heated with free access of air, they are converted into cyanates. 
The same change takes place, only more speedily, when potassic 
cyanide is heated with an oxidizing agent, such as IWInOz, VbO, 
CuO, Sn02, etc., when the metal, or a lower oxide is left. Heated 
in the presence of metallic sulphides, it is converted into potassic 
Bulphocyanate, CyKs. Potassic cyanide is on this account a most 
valuable deoxidizing (desulphurizing) agent, and is employed in 
blowpipe reactions, whenever a metallic oxide or sulphide has to bo 
reduced to the metallic state. Cyanides of the heavy metals undergo 
decomposition upon ignition ; some (e,g., the cyanides of the noble 
metals) break up into metal and cyanogen gas ; others into a metallic 
carbide and nitrogen (e.g., the cyanides of iron) ; others again (such 
as AgCy, BgCy2, CuCy2, 5LnCya) yield cyanogen gas, metallic 
silver, mercury, etc., and paracyanogen,— a brownish black substance, 
which is isomeric with cyanogen, and which is usually expressed by 
the symbol, Cy^. 

This deportment of solid cyanides frimishes us with ready means 
of preparing cyanogen gas, either by igniting dry B,gCj2 or AgCy ; 
or by heating two parts of dry yellow prtissiate of potash^ or commer- 
cial potassic ferrocyanide, K4FeCy6, with three parts by weight of dry 
HgCla. 

Cyanogen is a colourless gas, of peculiar odour, burning with a 
beautiful purple or peach-blossom coloured flame, and yielding CO2 
and N. The gas is nearly twice as heavy as air (sp. gr. 1*8), and 
since water dissolves about four times its own volume it must be 
collected over mercury, or by downward displacement. It is one of 
the few gases which condense at a moderate pressure (3*6 atmo- 
spheres). 

BEACTIONS IN THE WET WAY. 

The cya/nide^ of the alkali metah and alkaline earthy metals 
are soluble in water, the former readily, the latter with difficulty. 
The cyanides of tlie heavy metals are insoluhle in water, with the 
exception of BgCy2 ; but are for the most part soluble in a solution 
of potassic cyanide, forming soluble dcmble cyanides, which are fre- 
quently crystalline, and which upon ignition are decomposed like 
single cyanides, i.e., the cyanide of the heavy metal breaks up into 
metal and cyanogen, or metal, carbon (carbide?) and nitrogen, 
whilst the alkaline cyanide is not decomposed, and can be dissolved 
out from the residue. • 



SINGLE CYANIDES. 
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The following is a list of some of the more important single 
cyanides, i.e., cyanides which contain only one metal : — 



Potaasic cyanide, 


soluble in water 


. KCy 


Sodio 


if 


i» » • • 


. . NaCy 


Baric 


n 


difficultly soluble in water 


. . BaCja 


Zincic 


u 


insoluble in water . . 


ZnCys 


Cadnriic 
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ti >f • • < 


, . CdCy^ 


Nickelous 
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a »» • • * 


. NlCyj 


Cobaltous 
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» >i • • 


. . CoC^a 


Ferrous 
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» >i • • - 


FeCyj 


Cuprous 


a 


it »f • • • 


. 'Cu'jCyj 


Mercuric 


it 


soluble in water 


. . HgrCya 


Argentic 


a 


insoluble in water . . 


. . AgrCy. 



Some of these single cyanides are readily decomposed by acids, 
with evolution of hydrocyanic acid ; others, especially the cyanides 
of iron, cobalt, and the noble metals (Au,Pt), may be boiled with 
moderately strong acids, without decomposition. 

The action of dilute acids upon double cyanides shows clearly 
the existence of two distinct classes of double cyanides, viz. : — 

1st. Double cyanides which are readily decomposable, gimng off 
hydrocyanic acid, when heated tmth dilute mineral acids. They possess 
an alkaline reaction. Their alkaline cyanide is decomposed by 
dilute mineral acids into HCy and a salt of the alkali metal, and 
into a cyanide of the heavy metal, which remains in combination 
with the liberated HCy ; or the latter is evolved and the metalhc 
cyanide is precipitated ; or both cyanides are decomposed, and the 
whole of the HCy is liberated, e.g. : — 

(1) KAgCyj + NOaHo = AgCy + HCy + NOjKo. 

Precipitated. 

(2) K2Zn"Cy4 + 4HC1 = ZllCU + 2KC1 + 4HCy. 

2nd. Double cyanides which possess a neutral reaction and give off 
no hydrocyanic add, when treated with dilute hydrochloric acid ; the 
negative element of the OA^id forming a salt with the alkali metal, whilst 
the hydrogen or positive element, by uniting with the remaining 
elements, forms a new acid of a more complex nature, thus : — 

K4FeCy6 + 4HC1 = HiFeCye + 4KC1. 

Hydroferrocyanic 
acid. 

KeFejCyia + 6HC1 = HeFe^Cyia + 6KC1. 

Hydroferricyanic 
acid. 

KeCoaCyia + 6HC1 = HeCoaCyw + 6KC1. 

Hydrocobalticyanic , 

acid. 

The single, as well as easily decomposable double cyanides, which 
yield hydrocyanic acid, when treated with dilute mineral acids, are 

T 2 
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moreover remarkable for their highly poisonous character, whilst 
these latter — ^the double cyanides containing a non-decomposable 
cyanogen radical {e,g.,ferrocyanogen, FeCyj, cobalUcycmogen^ CoiCyu) 
— are not poisonons. 

It is obvions that all these complex cyanogen componnds — ^both 
decomposable and non-decomposable — may likewise be viewed as 
double cyanides. 

The following Hst* contains some of the more interesting double 
cyanides, i.e.^ cyanides containing more than one metal ; the easily 
decomposable class being indicated by a comma placed between the 
cyanogen and the metal : — 

Dipotassic zincic tetracyanide K9Zii,C74. 

„ cadmic ,, 'K^Cd,Cy4, 

„ nickelous ,, K^Ni,C74.- 

Fotassic argentic dicyanide KAg^C^j. 

„ aurous „ KAu',^9. 

„ auric tetracyanide KAu''',^4. 

Dipotassic cuprous tetracyanide K^'Cuf^iCy^. 

„ platinous „ K^'Pif'tCy^. 

Tetrapotassic diplatinic decaoyanide Kti^Pf'sOyuH 

„ ferrous hexacyanide (potassic 

ferrocyanide, yellow prusncUe) * Kt^FeCye. 

Hexapotassic diferric dodecacyanide (potassic 

ferricyanide, red prussiate) K^jFespyis. 

Hexapotassic dicobaltic dodecacyanide (potas- 
sic cobalticyanide) K^fCofiju. 

Hexapotassic dichromic dodecacyanide KeyCrjOfis. 

„ dimanganic „ K«Mns,Cyi2. 

Kwe take, however, into account the different deportment of 
these double cyanides with dilute acids and with ferroso-ferric saltsy 
with which the easily decomposable double cyanides give, from an 
acid solution, a precipitate of Prussian blue, whilst the others — ^the 
difficultly decomposable double cyanides — ^yield no hydrocyanic acid 
when treated with dilute acids, and produce (with tne exception of 
the ferro- and ferricyanogen compounds), no precipitate of Prossian 
blue with ferroso-ferric salts and hydrochloric acid, it becomes 
evident that the complex groups of eletnents, ferrocycmogen^ FeCy^, 
ferricyanogen^ Fe2Cyi2, cohalticyanog&ti, CoaCyn, etc., whicK hehave 
like cyanogen (itself a complex group of two elements, of carbon and 
nitrogen, or a compound radical) may likeunse he viewed as compound 
radicals, if by this term we denote a group of common and constant 
constituents found in a whole scries of compounds, and capable of 
replacing multiples of CI, Br, etc., in constant atomic proportions. 

We are able, for instance, to produce by double decomposition, 
precipitates with soluble salts of almost all the heavy metals in 
which the potassium — or positive radical — is either entirely or 
partially exchanged for an equivalent quantity of a heavy metal, 
whilst the negative group of elements remains imaltered, thus : — 

KiFeCy, + SOaCuo" = KaCu'TeCy, + SO.Ko., or 
K^FeCy. -f- 2SOaCuo" = Cu 'jFeCy. -h 2S0,Ko^ 

* Kekul^, Lehrbuch der organiachen Chemie, I, p. 814. 
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On the addition of an alkaline hydrate or carbonate, the whole of 
the heavy metal is removed as hydrate, with formation of potassio 
ferrocyanide. 

Easily decomposable soluble double cyanides give likewise pre- 
cipitates with solutions of heavy metals, e.g., 

2KAgCy2 + SOaZno" = Zn'^AgjCy* + SCKo,; 

Precipitated. 

but there is no evidence to show whether these precipitates are real 
compounds, or only mixtures of two insoluble cyanides ; nor is there 
any proof that alkaline hydrates reproduce the original double cya- 
nide. Dilute sulphuric acid decomposes ZnCya in the above preci- 
pitate, AgCv being precipitated ; just as if no connection had ap- 
parently existed between the two cyanides. Alkaline hydrates or 
carbonates are without action upon easily decomposable cyanides. 
A few are decomposed by sulphuretted hydrogen, e.g.^ K2CdCy4, 
K2HgCy4, KAgCy2, with precipitation of a metallic sulphide; in 
others, such as K2MnCy4, KaNiCyi, KaZnCyi, and K2CuCy4, the 
metal is only partially precipitat/ed as sulphide, whilst K2Fe"Cy4 
and K2Co"Cy4 are not precipitated at all. 

It is evident from these changes that easily decomposable and 
difficultly decomposable double cyanides (ferro-, ferri-, oobalti-, and 
chromi-cyanides) differ not so much in their chemical structure and 
habitus, as in the degree of stabiliiy which they exhibit. 



We employ a solution op potassic cyanide, KOy. 

ir02Ago gives a white curdy precipitate* of arsentle cyanide, 
AgCy, insoluble in dilute nitric acid ; soluble in ammonic hydrate, 
sodic hyposulphite, and potassic cyanide. The precipitate resembles 
AgOl so very closely that special experiments are required to dis- 
tinguish it from the latter, or to detect hydrocyanic acid in the 
presence of a chloride. 

On igniting a mixture of AgCl and AgCy, which has been 
entirely freed firom argentic nitrate by washii^ with hot water, 
AgCy is decomposed into cyanogen, metallic silver, and paracyanogen. 
AgCl, on the other hand, fuses without decomposition. On dissolv- 
ing the residue in nitric acid and filtering, a precipitate of AgCl is 
obtained on the addition of hydrochloric acid or of a soluble 
chloride, the silver of which must have been present originally as 
cyanide. 

Dilute mineral acids decompose potassic cyanide with evolution of 
HCy. On decomposing, therefore, a small quantiiy of KCy by dilute 
sulphuric acid, in a small porcelain dish, and inverting another 
small dish, containing a drop or two of yellow ammonic sul- 
phide, over it, the gaseous hydrocyanic acid, acting upon the 
ammonic sulphide, forms ammonic sulphocyanate, CyAms, and 

Cys is not precipitated by argentic nitrate. 
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AmHs, thus : — 

SiAma + HCy = CyAms + AmHs, 
wliich gives, on acidulating with hydrochloric acid, a characteristic 
hlood-red coloration with Pe2Cl6. 

This constitutes one of the most delicate reacHons for free hydra~ 
cyanic acid, as well as for soluble or easily decomposable cyanides, 

SO2CU0", to which a solution of SOHoa has been added, gives 
with KCy a white precipitate of cuprous cyanide, 'Cu'iCyj, soluble 
in potassic cyanide (K2 Cu'^Cy*). 

ir204Hg2o" gives & grey precipitate of metallic mercury, whilst 

;Cy2 remains in solution, thus : — 



'2Cy2 = Hg + HgCy,. 

Iro7i salts are among the most delicate reagents for hydro- 
cyanic acid or for soluble cyanides, on account of their tendency, 
especially in the presence of potassic hydrate, to form difficultly 
decomposable double cyanides, containing the compound acid radi- 
cals ferro- and ferri- cyanogen, which are of a characteristic bine 
colour. (Hence the name cyanogen from icvavo9, blue, and ^evyaM, 
I generate.) The solution containing hydrocyanic acid or a soluble 
cyanide is first treated with a little potassic hydrate, then with a 
mixture of a ferrous and ferric salt (obtained by exposing a solntioii 
of ferrous sulphate for some time to the air) and neated. On the 
addition of dilute hydrochloric acid, in order to dissolve the Z'eHos 
and Pe2Ho6, which are likewise precipitated by potassic hydrate, a 
fine blue precipitate of Prussian blue is obtained. The chai^ges may 
be expressed by the equations : — 

(1) KHo + HCy = KCy + OH,. 

(2) S02Feo" + 2KCy = Pe'Cy,* + SO,Ko,. 

PeCyo, by combining with 4KCy, forms the soluble double 
cyanide K4FeCy6. 

(3) SsOeFeaO^ + 3K4FeCy6 = 3Fe"Cy2,2'Fe"'2Cy8 -f- 6S0,Ko,. 

Free hydrocyanic acid dissolves mercuric oxide, with formation of 
mercuric cyanide which is not precipitated by alkalies. 

The alkali salts of the compound cyanogen radicals, FeCjc, 
FcaCyij, Co2Cyi2, are decomposed by moderately concentrated sul- 
phuric acid with evolution of hydrocyanic acid. 

This fumislies us with a convenient method for preparing hjdroewtade 
acid. Ten parts by weight of K4FeCy6 (yellow prussiate of potash) mn 
distilled in a flask or retort with 3G to 40 parts of dilute sulphurio acid (one of 
acid to six of water). The flask or retort is connected with a Liebig's ooni" 
and double-necked receiver from wliich any uncondensed gas can be 01 
under a Bunsen lamp. Every joint should bo made perfectly tight, and the 



*^ PeCya is difllcultly obtained in an isolat-ed condition, aa it forms, in the 
presence of KCy, potassic ferrocyanide, £4FeCye, containing the oompouid 
eyanosen radical FcCv.. 



L^anogen radical FcOye. 
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denser-tube should dip into the water placed in the receiver. The reaction takes 
place according to the equation : — 

2Z4FeCy8 + SSOsHoj = 6HCy + KsFe^FeCyj + SSOaKoj. 

White residue 

turning blue by exposure 

to the atmosphere. 

Hydrocyanic acid is exceedingly poisonous. Small quantities of 
the gaseons acid, when inhaled, cause a peculiar sensation in the 
throat and are followed by headache, giddiness, and other disagree- 
able symptoms. (Antidotes : ammonia gas or chlorine.) Great care 
must therefore be taken in operating with HCy or with cyanogen 
compounds generally, and for the purposes of analysis small 
quantities only should be operated upon at a time. 



HYDROFERROCYANIC ACID, HiFeCye.— This acid is 
tetrdbcmc, i.e., its four hydrogen atoms can be replaced by four 
atoms of a monad or two atoms of a dyad metal. The potassium 
salt is prepared on a manufacturing scale by introducing nitrogenous 
animal substances (horn-shavings, etc.) and iron into fused wood- 
ashes. The fused mass is lixiviated with water and the salt allowed 
to crystallise out. It may also be prepared by decomposing Prussian 
blue with KHo or COK03 and separating the ferric hydrate by 
filtration, thus : — 

3Fe"Cy2,2'Fe"'2Cy6 + 12KHo = 3K4FeCy6 + 2Pe2Ho6. 

Potassic ferrocyanide, K^FeCye -|- 3Aq, crystallises in large 
lemon-yellow crystals; hence its name yellow prussiate nf potash. 
Its positive element (potassium) can, by double decomposition, 
be replaced by other metals, either entirely or partially, and the 
property of cyanogen to form double cyanides is well illustrated 
by the deportment of the more complex ferrocyanides. This will 

common 
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K4FeCY6 


+ 3Aq. 


KjCa^FeCyj 


+ 3Aq. 


Na4FeCy8 


+ 6Aq. 


CusFeCye 


+ 4Aq. 


Am4FeCy6 


■+ 3Aq. 


Kj.Ou"FeCy« 


+ 2Ajq. 


Ba^jFeCye 


+ 6Aq. 


KaFe^FeCy,. 




KaBa'TeCye 


+ 3Aq. 


NaKsFeCye 


+ 8Aq. 


Ca^jFeCye 


+ 12Aq. 


AmKaFeCye 


+ 3Aq. 



REACTIONS IN THE DRY WAY. 

KiFeCye fuses, when strongly ignited, and breaks up into nitro- 
gen, potassic cyanide, and carbide of iron, or a mixture of carbon 
and iron ; thus : — 

KiFeCy. = 4KCy + CzFe ± N,. 

Heated with free access of air, or in contact with metallic oxides, 
the KCy is. farther converted into potassic cyanate, CyKo. 
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REACTIONS IN THE WET WAT. 

We employ A solution op potassic fereoctanide. 

The cdkcdine ferrocyanides a/re readily soluble in water ^ the alkaline 
ea/rthy ferrocyanides are difficidtly soluble; those of iron and most 
other metals are i/nsoluhle in water ^ and many of them also insoluble in 
avoids. They are decomposed on boiling with potaasic hydrate, with 
formation of a solution of potassic ferrocyanide, and an insoluble 
metallic hydrate. Some ferrocyanides are remarkable for their 
characteristic colour, notably so those of iron and copper ; others 
are white, e.g.^ those of the alkaline earthy metals, of Zn, Pb, Ag, Hg; 
greenish white, e.g.^ Ni"2FeCy6, Co2"FeCy6; reddish white, e.^r., 
Mn"3FeCy6. Potassic ferrocyanide is employed, on this account, as 
a useful reagent in the qualitative examination of metals, especially 
of iron and copper. 

ITOaAgo produces a white precipitate of arsenttc ferrocjranlde, 
Ag4FeCye, insoluble in dilute nitric acid and ammonic hydrate, 
soluble in potassic cyanide. 

SO2CU0", added in excess, gives with a solution of K4FeCy« a red 
{chocolate-coloured) precipitate of dlcuprlc ferrocyanide, Cu"2FeCy6, 
whilst an insujQ&cient amount of the cuprio salt gives a brown pre- 
cipitate of dlpotasslc cuprlc ferrocyanide, K2Cu"FeCy6. 

SOaFeo" gives a light blue precipitate of dlpotasslc ferrous ferro- 
cyanide, K2Fe"FeCy6, thus : — 

K^FeCye + SOaFeo" = K2Fe"FeCy6 + SOsKo,, 

which is slowly oxidized by exposure to the air, or rapidly, by 
oxidizing agents, such as nitric acid or chlorine water : a part of the 
potassium being removed as oxide, or chloride, thus : — 

2Fe;'K2FeCy6 + CI, = Fe"2K3Fe2Cyi3 + 2KC1, 
Light blue Diferrous dipotassic 

precipitate. ferricyanide. 

or potassic ferricyanide in which four atoms of potassium have been 
replaced by two atoms of dyad iron. 

Potassic ferrocyanide is in fajct readily converted into potassic ferri-' 
ayamde^ K6Fe2Cyi2 (analogous to the conversion of ferrous salts into 
ferric salts), by various oxidizing agents, such as chlorine, nitric 
acid, potassic chlorate and hydrochloric acid, etc. 

Fe2Cl« gives an intensely blue precipitate of 3Fe"Cy2, 2'Fe"'2Cy« 
called Prussian blue, thus : — 

8K4FeCy6 -h PejCle = 3Fe"Cy2,2'Fe"'2Cy6 + 12KC1, 

which constitutes at once a most characteristic and delicate reaction 
for ferric salts and for ferrocyanogen (as well as for cyanogen, as 
has been already shown). This precipitate is insoluble in dilute 
mineral acids, but dissolves i^ oxalic acid to a blue liquid (blue ink), 
and in ammonic tartrate to a violet liquid. It is decomposed by 
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alkalies. On boiling with mercuric oxide, Prussian blue is entirely 
decomposed into B,gCj% and ferrous and ferric oxides, thus : — 

8Fe"Cy„2'Fe"'2Cy, -h 9HgO = 9HgCy, + 3PeO + 2Pe208. 

By adding an insoffioient amount of FesCle ^ & solution of KfFeCjs, a 
blue precipitate is likewise obtained which is, howcTer, soluble in water and is 
therefore OEtlled soluble Prussian blue (used for inks). It is generally thought to 
be composed of one part of Prussian blue and one of potassic ferrocyanide. 

Concentrated sulphnric acid (9 parts by weight) decomposes 
potassic ferrocyanide (1 part by weight) with evolution of carbonic 
oxide (method fob pkepabing carbonic oxide) ; the nitrogen of the 
cyanogen being converted into ammonia and left as amnionic 
sulphate, thus : — 

KeFeCye + 6SO,Hoa + 60H, = 6C0 + 2S02Koa + SO.Feo" 

+ 3SO»Amoa. 

When concentrated hydrochloric acid is added to an alkaline 
ferrocyanide, hydroferrocyanic acid separates, in the cold, as a white 
crystalline powder which turns rapidly blue. If ether be added to 
the Solution of potassic ferrocyanide, previous to its precipitation 
with concentrated hydrochloric acid, the acid is obtained quite 
colourless. 



. HYDROFERRICYANIO AOID, HeFejCyu.— This acid is 
heoRohcLsic, since its six atoms of basylous hydrogen may be replaced 
by six atoms of a monad metal, or by three atoms of a dyad metal. 
Potassic ferricyanide is derived from K4FeCy6 by a process of oxida- 
tion, as for instance by passing chlorine into an aqueous solution of 
it, till a solution of ferric chloride produces no longer a blue preci- 
pitate, but imparts merely a brown coloration to the liquid. The 
change is expressed by the equation : — 

2K4FeCy8 + CI, = KeFcCyi, + 2KC1. 

It is effected by the abstraction of two atoms of the metal potassium 
from two parts of K^FeCji. Two atoms of cyanogen are trans- 
ferred to two molecules of PeCy2, whereby the ferrous cyanide is 
converted into ferric cyanide, thus : — 

2(4KCy,FeCyO = 6KCy,'Fe'",Cy6 + K,. 

It is also called red prussiate of potash on account of the dark red- 
coloured crystals which are separated from potassic chloride by 
crystallisation. 

Bed/udng ag&nts convert it into potassic ferrocyanide, especially 
in alkaline solutions. The transformation is effected by the addi- 
tion of two atoms of the metal potassium : — 

K^FeaCyi, + K, = 2K4FeCy6. 
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The ferric cyanide in the double cyanide is reduced to ferroiiB 
cyanide, thus : — 

6KCy/Fe"'2Cy« + K2 = 8KCy,2Fe''Cya, or 2(4KCy,FeCy,) 

= 2K4FeCy8. 

The following are instances of indirect oxidation effected by 
potassic ferricyanide :-^ 

8H3 conTerts the ferri- into a ferrocyanidei with separation of sulphur, 
KI „ „ I, with precipitation of iodine, 

Cr208i or its salts, in the presence of KHo is oonveited into OrO] 
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ITHs gives with KeFe2Cyi2 potassic and amnionic ferrocyanides with 
evolution of nitrogen gas, thus : — 

6K:6Fe2Cyi2 + I6NH3 = dK^YeCje + SAnuFeCy, + N4. 

Many organic substances, e.g., sugar, dextrine, starch, alcohol, and 
even paper, are oxidized, in the presence of an alkaH, to COs and 
OH2. Indigo is bleached. Phosphorus, sulphur, and iodine are 
converted by the action of K6Fe2Cyi2, in the presence of alkalies, 

into SO2H02, VOH03, < Q-rr . Analogous to potassic ferrocyanide 

it forms dmihle ferricyanides, by the partial or entire replacement of 
the six atoms of the positive element, potassium, by different metals. 
The following are some of the more important metallic fetri* 
cyanides : — 

K6Fe2CTi2. Ba'^jKiFejCyis + 8Aq. 

NafiFcoCvia + Aq. Fe^jFejCyis (Tumbulrs blue). 

Ca^sFejCyw + 6Aq. 

REACTIONS IN THE DRY WAY. 

Potassic ferricyanide is decomposed upon ignition, yielding 
cyanogen and nitrogen, and leaving a residue, consisting of potassic 
cyanide, potassic ferrocyanide, Prussian blue, paracyanogen, carbon 
and iron. 

REACTIONS IN THE WET WAY. 

We employ A solution of potassic ferricyanide. 

Tlic alkalme ferricyanides are readily soluble t» water. The otherg 
are tnosily insoluble. 

ir02Ago produces an oranrje coloured precipitate of arBcatle iferrU 
cymnlde, Ag0Fe2Cyi2, insoluble in dilute nitric acid, but readily 
soluble in ammonic hydrate and potassic cyanide. 

S02Feo" gives afe/wc precipitate (TurnbulVs blue) of Fe"sFeiCyiai 
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tiiferrout ferrlcymnlde, which is decomposed by potassic hydrate into 
potassic ferrocyanide and ferrons and ferric hydrates : 

Fe"3FeaCyi2 + 8KH0 = 2K4FeCy, + Pe"Ho2 + PCaHo,. 

P©2C1« prodnces no precipitate, but gives a hrotonish coloration. 
The deportment of potassic ferro- and ferricyanide with iron salts 
enables us to distinguish between ferrous and ferric salts. 



HTDROCOBALTICTAHIG ACID, Ho^Co'^'sCjis.— Solutions of cobal- 
tous salts are precipitated by KCj. The precipitate consists of flesh-coloured or 
cinnamon-brown cobaltous cyanide, C0C73. Excess of potassic cjanide dissolres 
the precipitate, forming a readily decomposable double cyanide, which, on 
boiling, or on the addition of HCl, is converted into a difficultly decomposable 
double cyanide, analogous to potassic ferricyanide, with evolution of hydrogen, 
thus : — 

2(4KCy,CoCy2) + 20Hj = KsCoaCyu + 2KHo + Hj. 

Potassic cobsJti- 
cyanide. 

This double cyanide is of great interest, because it enables us to separeUe 
cobalt from nickelf both qualitatively and quantitatively. 



CTANIG ACID, CyHo. — Obtained in the form of potassic cyanate by the 
oxidation of ECy or KfFeOys. This salt is very stable when heated by itself, 
but deliquesces in the air, and is broken up by water into an acid carbonate and 
ammonia, thus : — 

OyKo + 2OH3 » COHoEo + NHs. 

Potassic cyancUe is invariably found in commercial potassic cyanide^ sometimes 
to a considerable extent. 

REACTIONS IN THE DRY WAT. 

It acts as a flux in blowpipe reactions, and is a powerful oxidizing agent. 
When heated with charcoal, it is converted into KOy, CO and CO3. On heating, 
therefore, a metallic oxide on charcoal, with KCy containing CyKo, the oxide is 
reduced to the metallic state. 

REACTIONS IN THE WET WAT. 

The cyanates of the cdJealieSy alkaline earths^ and a few metallic oxides are 
soluble in under, but decompose rapidly with evolution of ammonia, JHO^kep pro- 
duces with potassic cyanate a white precipitate of arsentle ejranate, CyAgo, 
soluble in ammonic hydrate, and in dilute nitric acid ; AgCy is insoluble in nitric 
acid. 

Moderately concentrated sulphuric or hydrochloric acid decomposes OyKo 
with effervescence, owing to the liberation of CyHo, which affects the eyes 
most painfuUy and is recognized bv its pungent odour, resembling that of strong 
acetic acid ; the greater portion of the Hberated acid is, however, decomposed at 
once by water into dOj, and an ammonic salt, thus : — 

2qyE:o + 280sHos + 20Hs - 200s + SOsKo, + SOsAmO]. 
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SULPHOCTANIG AGlDyCyHs. — Obtained in combination with pofcasnum 
by beating KCj with snlpbur or a metallic sulphide. Hence its use for r e dmeimy 
metallic sulphides in blowpipe reactions. 

EEACTIONS IN THE DRY WAY. 

CyKs can be fused out of contact with the air, without undergoing deoom- 
position. It turns first brown, then green, and lastly indigo blue, but becomes 
again colourless on cooling. Iii contact with the air, CyKa is converted into 
cyanate and sulphate, with disengagement of 8O3. The sulphocyanates of the 
heavy metals are decomposed upon ignition, CSj being given off at first, and on 
raising the temperature a mixture 01 nitrogen and cyanogen is evolved, whilst a 
metallic sulphide is left : — 

4^Cus" = Na + aU^ + 2CSj + 40llS. 

BEACTIONS IN THE WET WAY. 

We employ a solution of AMHOiac btilfhocyanate, CyAms. 

NOsAgo produces a white curcU/ precipitate of arsentle sulphaejrMUitey 
CyAgs, insoluble in water and in dilute acids ; it is soluble in ammonic hydrate, 
frora which it crystallises out on evaporation. It is also soluble in CyAms or 
CyKs, forming a double sulphocyanate (CyAgs, CyKs), firom which water or 
hydrochloric acid precipitates granular — ammonic hydrate crystalline CyA^ 

SOgCuo'' gives a black crystalline precipitate of cuprlc sulphaejrMUitey 

JCuB*' which on standing in the liquid is converted into cuprttua svlplM* 

cyanate, ^^Cuas''. This characteristic cuprous salt is obtained instantly bj 

adding SOHo,, or a solution of a ferrous salt to the cupric salt. 

Z'CaCle produces an intensely red solution, owing to the formation of a soluble 
ferric sulphocyanate, Cy^Fcss^^ Alkaline sulphocyanates furnish us, on this 
account, with a most deliccUe reaction for ferric salts. This reaction serves also 
for the detection of sulphocyanogen and hydrocyanic acid. The blood red 
colour is destroyed by Stg^Clj. On introducing some metallio zinc into the 
blood red solution, 8H2, is evolved. 

QUESTIONS AND EXERCISES. 

1. Explain the derivation of the term cyanogen. 

2. Why are •< ^^, FeCye and FeaCyis viewed as compound radicals? 

8. How are KCy, K4FeCy6 and EeFejCyis prepared P Describe their p r o peH i ee, 
as for as the analytical data illustrate them. 

4. Explain the action of heat upon KCy and K^FeCye, Ist, out of oontaoi with 
air ; 2nd, with free access of air. 

6. What constitutes the usefulness of ECy as a reagent for blowpipe experi- 
ments ? 

6. Explain the changes which cyanides of the heavy metals undergo upon 

ignition. 

7. How would you prepare cyanogen gas ? Describe its properties. 

8. Classify cyanides according to their solubility in water. Enumerate some of 

the more important single cyanides. 

9. What is understood by soluble double cyanides ? How are they classified, 

and how can the easily decomposable double cyanides be distinguished, 
from the diflicultlv decomposable double cyanides P 

10. Enumerate, Ist, easily decomposable double cyanides ; 2nd, difficultly deoom- 

posable double cvanidcs. 

11. Give reasons for the existence of the compound radicals ferro-, forri- and 
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oobalticjanogen in the double cyanides 'K4¥eOj^, ^b'^^sFespjis, 
Cu"sCo,Cyij. 

12. Explain the action of dilute acids upon single cyanides and upon easily de- 

composable double cyanides. 

13. Explain the difference between a precipitate, produced by a solution of a salt 

of a heavy metal with a solution of an easily decomposable double cyanide, 
or with an alkaline ferro- or ferricyanide. 

14. What is the action of bydrated and carbonated alkalies upon the two classes 

of double cyanides ? 

15. Explain the action of SHj upon the following cyanides and double cyanides: 

KpC^j, K2CdCy4, KAgOjrj, K2MnCy4, K2CuCy4, K2CoCy4, K2NiCy4. 

16. How IS AgOy distinguished from AgCl ? 

17. Describe the action of HCy upon 82Am2, and explain how traces of HCy 

can be detected, in the presence of ferro- or ferricyanogen compounds. 

18. How would you demonstrate the greater stability of SgrCl2 over that of 

HfiTCys P 

19. Explain the use of ferroso-ferric salts for the detection of HCy. 

20. How is HCy prepared ? Describe its properties. 

21. Describe shortly how yellow prussiate of potash can be prepared. 

22. Enumerate some of the more common ferrocyanides. 

28. How would you examine a ferrocyanido insoluble in acids, e.ff., Prutsian 
blue? 

24. Explain the action of KHo upon Prusnan blue and upon TumbulVs blue. 

25. Explain what reactions ferrous and ferric salts give with ferro- and ferri- 

cyanides. 

26. Explain the formation of soluble Prussian blue. 

27. What is the action of dilute or of concentrated sulphuric acid upon potassic 

ferrocyanide ? 

28. State how H4FeCy6 is prepared. 

29. Explain the conversion of potassic ferro- into ferricyanide. 

80. Q-ive instances of the oxidizing action of potassic ferricyanide in alkaline 

solutions. 

81. Enumerate some of the more important metallic ferricnranides. 

82. How can argentic ferro- and ferricyanides be separated from each other ? 
88. What decomposition takes place when ferro- and ferricyanides are fused with 

a mixture of ammonia sulphate and nitrate ? 

84. How is CyHo recognized in the presence of a cyanide ? 

85. What is the action of concentrated SO2H03 upon a cyanate ? 

86. What reactions take place when potassic cyanate is heated with charcoal, 

with llln02 or with OH2 ? 

87. Explain the formation of potassic sulphocyanate and state what change it 

undergoes when heated in contact with air. 

88. Explain the action of nascent hydrogen upon ferric sulphocyanate. 

89. Why does potassic sulphocyanate enable us to distinguish between ferrous 

and ferric salts ? 

40. Calculate the percentage composition of cuprous sulphocyanate, rZCu2s''. 



Chaptbe Vill. 

REACTIONS OF THE ACIDS. 

B. Organic Acids. 

Most organic acids cannot be distingnished qnalitativelj as readily 
as inorganic acids. A few of the more generally occurring acids 
which can be readily detected, claim a short notice. 
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The greater number of organic acids consist of carbon, hydro- 
gen and oxygen ; some also contain nitrogen. There is no organic 
acid known containing only two single atoms of an element, and 
only one containing three, Tiz., hydrocyanic acid, HON ; whilst the 
nnmber of atoms in a molecule of an organic acid, as for instance 
in stearic acid, CisHseOQ, is far greater than in any inorganic 
compound. 

The element with which oxygen, hydrogen and nitrogen are 
grouped in organic acids is carbon which in most cases, probably in 
all, acts as a tetrad element.* 

Groups of elements performing similar foictions in organic 
acids, and built up invariably in the same manner, are called com* 
pound organic radicals. 

Nearly every organic acid contains one acidifying principle of 
two negative compound radicals, e,g, : — 

{CN'" 
^-Krni N^C-f-C^^, or 

Oxatyl (the molecule f ^nir 

of which is dry<^ JC^^^ 0=C4-C=0. 
oxaUcacid) [CUHo | : . 

O 



H H 

The semimolecule of each of these compound radicals contains one 
atom of carbon with one bond left free to combine with another ele- 
ment, or group of elements, the other three bonds being satisfiedy 
in cyanogen, by combining with triad nitrogen, or in oxatyl, with 
one atom of oxygen . and one of hydroxyl. In the molecules the 
two free bonds of the carbon satisfy each other. 

These radicals are closely related to each other. An aqneons 
solution of cyanogen (one volume of water dissolves about four 
volumes of the gas) is speedily transformed into ammonio oxalate, 
thus : — 

tCN + ^®^'= t COAmo- 

In the presence of a boiling solution of potassic hydrate, cyanogen 
evolves ammonia and produces potassic oxalate, thus : — 

{cn;;; + 2kho + 20H, = {ggKo ^ ^^^ 

from which salt oxalic acid can be obtained. 

Oxalic acid, on the other hand, may be converted into cyanogen, 
by transforming it into ammonic oxalate and submitting this salt to 
the action of heat, thus : — 

* Frankland : Lecture Notes, page 199. 
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nil 



r CO(NH,0) ^ f CN' 4^3 
1 C0(NH40) "" I CN'" ^ ^*'^*- 

Oxalic acid, or the molecule of the compound radical oxatyl, 
results from the oxidation of a large number of organic bodies, e.g., 
sugar, woody fibre, etc., by the action of powerful oxidizing agents, 
such as concentrated nitric acid, and is resolved into the two pro- 
ducts of the final oxidation of everything organic, viz., carbonic 
anhydride and water. 

Heat, in fact, breaks up nearly all salts of organic acids. Those 
of alkaline and alkaline earthy bases, leave upon gentle ignition 
carbonates, with separation of carbon, and consequent blackening, 
oxalates excepted. The carbonaceous residue being soluble in water, 
indicates that the organic acid was combined with alkali metals, and 
if insoluble, with alkaline earthy bases. The decomposition is, more- 
over, accompanied in most instances by the evolution of volatile 
matter, of carbonic oxide and hydrocarbons, empyreumatic vapours 
and oils. 

In the free state organic acids are either volatile, and can be dis- 
tilled or sublimed, generally without undergoing decomposition and 
without leaving any carbonaceous residue, as for instance, formic 
acid, and its homologues acetic acid, etc. (or the acids of the fatty 
acid series) ; benzoic acid and others, belonging to the series of 
aromatic organic acids. These acids can be removed from any of 
their saline compounds by decomposition with dilute sulphuric 
acid. Other organic acids are non-volatile, and are decomposed 
when heated by themselves, leaving a carbonaceous residue ; and the 
acids cannot be removed from their salts by distillation with sul- 
phuric acid. 



fH 
FORMIC ACID^ < ^jQg-Q* — Obtained in a great many chemi- 
cal reactions, as a product of oxidation or decomposition. It is 
usually prepared by heating a mixture of equal weights of crystallised 
oxalic acid and glycerine to 75° C, and distilling with water — 

rCOHo _ /H ^Q 

I COHo " I COHo ^ ^^»- 

Formic acid distils at 100** C. It is of interest as being the lowest 
possible acid in the series of fatty acids, a series which most com- 
prehensively illustrates the structure of organic acids. 

By a successive increment of CHj, or by substituting for H — 
the positive element in formic acid — successively semi-molecules of 
the compound organic radicals methyl, CHs, ethyl, CzHs, etc., the 
whole series of fatty acids can be obtained, thus : — 
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Formic acid {goHo 



fH 
Acetic acid < CHj or < 





H— 0— 
H O 



LCOHo 



/CH, 
COHo 



H— C— 0— O 

k 

H H O 



— H 



Propionic acid J gg^ or [^f^^ H-A-(LL 

LCOHo ^ ^ 

CH2 r c K 

Butyric acid < CH2 or < ^q-o- 

CH2 
LCOHo 



fH 



Stearic acid ^ (CH2)n or | g^^^ 

L COHo ** 



The lower members of the series of fatty acids dissolve freely in 
water, whilst the more complex fatty acids, with largely increased 
molecular weights — to mention only stearic acid — are quite insoluble 
in water. 



REACTIONS IN THE DRY WAT. 

Formates of the fixed alkalies and alkaline earthy bases, when 
heated out of contact with air, are decomposed into carbonates and a 
little carbon, with disengagement of combustible gases — ^mainly 
carbonic oxide and hydrogen. Formates of the heavy metals give 
off C02, CO, and OH2, leaving the metal (generally mixed with a 
little carbon). 

REACTIONS IN THE WET WAY. 

C H 

We employ A solution of sodic formate, j coNao* 

All formates are soluhle in water ; some also in alcohol. 

Formic acid and formates are readily recognized by their pro- 
perty of reducing salts of the noble metals, e.g.y AuCl), If OsAgo, 
If 204Hg2o", or BgCls to the metallic state, with evolution of oar- 
bonic anhydride. 

Potassic permanganate is likewise deoxidized by formic acid. 

This reducing action distinguishes formic acid from acetic acid and 
most of its homologues. 

When heated with concentrated sulphuric acid, formic acid and 
formates are broken up into water and carbonic oxide, which latter 



ACETIC ACID. 



289 



bums with a fine bine flame. (Method of preparing carbonic oxidh 
GAS.) The mixtnre does not blacken. The decomposition is expressed 
thns: — 

{ COHo "^ SOaHoa = CO -f SO,Ho2 -f OH,. 



ACETIC ACID (Vinegar), | £^^.— Obtained either by the 
oxidation of alcohol, thns : — 

{ ChIho + O. = { COHo + ®^" 

or by the destnictive distillation of vegetable snbstances, especially 
of wood. Pnre acetic acid boils at 117° C, and is prepared by 
decomposing dry sodic acetate (5 parts by weight) with concen- 
trated snlphnric acid (6 parts by weight). The cmde acid is 
placed over INKnOa, in order to destroy any SO2, and rectified by 
distillation over a little sodic acetate. 

REACTIONS IN THE DRY WAY. 

Acetates are decomposed npon ignition, yielding a peculiar 

COPH ' ^^^^* — 

The acetates of the alkalies and alkaline earthy bases, when 
strongly ignited, leave a carbonate; those of the heavy metals 
leave either a metallic oxide, or the metal itself, mixed with carbon. 

Heated with caustic alkalies (soda-lime), as seen in Fig. 89, dry 
sodic acetate gives off marsh-gas, or light carburetted hydrogen, CH4, 
thus: — 




Fio. 89. 
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3 { coNao "^ ^'aHo,CaHoa = 2CONao„COCao" + BCH^. 

Manh-gM. 

The gas can be collected in the usual manner over water, and on 
applying a light it bnms with a pale bine flame, with formation of 
water and carbonic anhydride. It forms one of the constitnents of 
the gas-bubbles which are seen to rise from the bottom of stagnant 
waters, where decaying organic matter has accomnlated. Hence its 
name marsh-gas. 

Its specific gravity is '554 when compared with air. Its mole- 
cular weight is 16, one litre weighing 8 oriths. It explodes 'when 
mixed with air. Light carburetted hydrogen forms a oonstitnent 
of ordinary coal-gas, and is likewise found in coal mines, where it 
gives frequently rise to explosions when mixed with air and fired. 
It is called by the miner fire-damvp. The atmosphere left in the 
workings of a coal-pit, after an explosion of fire-damp has taken 
place, is called cJwl-e-damjpy or after-damp^ consisting to a large extent 
of carbonic anhydride. 

REACTIONS IN THE WET WAT. 

A SOLUTION OF soDic ACETATE, < S^i^ may be employed. 

All acetates are soluble in water. Argentic and mercnrons acetates 
are the least soluble. 

On heating a solid acetate (or a concentrated aqneons solii- 
tion of it) with alcohol and concentrated sulphuric acid, aeetle 

COEto (^^=^^^70 ^ formed which 

possesses a peculiar fragrant odour. The change is expreRsed 

thus : — 

{cONao+ ^tHo + SO,Ho,= {g5|,^ + SO^oNao + OH.. 

Too much alcohol should be avoided lest common (or snlphiiric) 
ether, OEtj, be formed, the odour of which would mask that of the 
acetic ether. 

By distilling an acetate with moderately dilute sulphuric acid in 
a retort, free acetic acid is obtained, which is recognized by its 
characteristic pungent odour. 

FesCl^ added to a Bohition of an acetate, produces a deep red-coloured lolu- 
tion, owing to the format ion of ferric acetate. On boiling, the whole of the inm 
is prei'ipitated as ba»lc ferric acetate, in the form of hrownUh fftiUow Jlahm, 
AmHo precipitates the iron from a solution of ferric acetate as ferric hjdxate. 

Ammonic acetate, especially in the presence of ammonia, diMolTet aeferal 
insoluble sulphates, e.g., SOjPW', SOsUao''. 

STEARIC ACID, {cOHo~^°'™* ™ ***y ^'^^^ *•»' 

CHHo. When 
CH,Hb 
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heated with solutions of caustic alkalies, the fat saponifies and the feitty 
acid forms with the alkali metal a soapj freely soluble in warm 
water, and the glycerine separates. On decomposing the soap 
by the addition of an acid (dilute hydrochloric or sulphuric), 
the fat which separates is found completely changed in character. 
It has an acid reaction to test-paper when in a melted state, 
and is soluble with the greatest facility in alcohol from which 
it crystallises in milky white needles. Its composition is CigHstOa 

COHo* ^^ inelts at 54°C. Pure hard soap is sodic stea/rate^ 



or 



1 CONao' *^^ contains generally — 



20 — 25 per cent, of water 
7—8 „ „ soda (ONaj) 
and 67—73 „ „ stearic acid. 

The analysis is effected by treating 10 grms. of soap, cut up into 
thin slices, in a porcelain dish with dilute hydrochloric acid and 
heating gently for some time, till the whole of the soap is decom- 
posed, the fatty acid floating on the surface. The dish is set aside 
to cool, when the fatty acid is obtained as a solid cake which can 
be readily removed and dried between filter paper. Sodic chloride 
is lefb in solution and is obtained on evaporation in crystals. 

QUESTIONS AND EXERCISES. 

1. What elements enter into the composition of organic acids ? 

2. State which compound organic radicals are met with in organic acids, and 

show the relation which exists between them. 
8. How are the several salts of organic acids influenced by heat, and what 

inference can be drawn from, this action ? 
4. Explain the structure of the several members of the fatty acid series. GKve 

illustrations. 
6. How is formic acid obtained, and what changes do formates undergo, when 

heated out of contact with air P 

6. How can a formate be detected in the wet way ? G-ive equations. 

7. State how you would prepare pure carbonic oxide itom. baric formate. 

8. You have given to you plumbic formate, how would you prepare therefit>m 

formic acid and sodic formate ? 

9. State how acetic acid is prepared. 

10. What is the action of heat upon dry acetates ? 

11. How would you prepare marsh-gas ? 

12. Explain the terms fire-damp^ choke-dampf or qfter'damp. 

13. How can the composition of marsh-gas be shown experimentally ? 

14. Explain the action of acetic acid upon argentic carbonate or plumbic oxide. 
16. What residue is lefb on igniting sodic acetate, oalcio acetate, plumbic 

acetate, or argentic acetate P 

16. Explain how you would obtain acetic ether, describe its composition and 

properties. 

17. GKve graphic formulsB for marsh-gas, cyanogen, acetic ether, acetone. 

18. Explfun the composition of hard soap. 

19. A solution containing an unknown quantity of formic acid, when heated with 

solution of AuCSsi yielded 2*236 grms. of metallic gold. How much 
formic acid by weight did the solution contain P 

u 2 
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20. A quantity of crystalliBed argentic acetate leaves upon ignition 1*286 grm. of 

metallic silyer. How much acetic acid does this correspond to ? 

21. How much dry sodic acetate must there be decomposed in order to obtain 20 

litres of marsh-gas P 



BENZOIC ACID, | COH^'^^'' ^^ shortly BzHo.— Is found 

in many gums and balsams, from which it is obtained by subli- 
mation. Heated in a tube open at both ends, the acid snblimes in 
long needles, giving off a very irritating vapour. Heated on platinum 
foil, benzoic acid bums with a luminous smoky flame. 

The crystalline acid is very slightly soluole in water or acids 
and floats on water. Benzoates of tetrad metals are mostly insoluble 
in water, all others are soluble. 

IFeaCle gives a paU yellow precipitate of baale ferric bencMite, 
Bz«Fe20^,Fe203H-15 Aq; and ammonic benzoate is employed some- 
times for the separation of Fe*'^ from Mn" (compare page 168). 

On distilling benzoic acid with lime or baryta, benzol, CeHe, is 
obtained — 

{ COH?'^^' "^ ^^^ "^ ^'^ "^ COCao". 

Dilute acids precipitate benzoic acid from aqueous solutions of 
benzoates ; nitric acid is without action upon it. 

Heated with concentrated sulphuric acid, benzoic acid does not 
blacken, neither does it evolve SO2. 



■•{ 



COHo _ 

SUCCINIC ACID, ^ C2H4 , or briefly SuHoj-DiZwwic oM.— 

COHo 
Obtained by the distillation of amber, of fossil resin, and also by 
the long-continued action of nitric acid upon butyric, stearic dlr 
margaric acids. The acid crystallises in white plates; is readily 
soluble in water, alcohol and ether, and is not acted upon by boiling 
nitric acid. Heated in a tube open at both ends, it sublimes in 
silky needles. Heated upon platinum foil, it bums with a blue 
flame aud without smoke. 

Succinates are decomposed upon ignition, the alkaline and 
alkaline earthy succinates leave a carbonate, mixed with carbon. 
Most succinates are soluble in water. 
Plumbic acetate gives a white precipitate of neutral plnmMe 

rco — ' 

svocinmte, < C2H4 Pbo", which is rendered basic by treatment with 

Leo _, 

ammonic hydrate. 
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!Fe2Cl6 prodnces from a solntion of neatraJ ammonic succinate a 
brownish red, voluminous precipitate of basic fSerrie succinate, 

Su3Fe20^,Fe303, readily soluble in mineral acids. AmHo renders 
the precipitate darker by withdrawing a quantity of succinic acid as 
ammonic succinate, leaving a more basic succinate. (This reaction 

SERVES FOR THE SEPARATION OF Mn" FROM Fe*^.) 

On boiling the precipitate, produced by ferric chloride from a 
solution of a succinate or benzuate, with ammonic hydrate, a soluble 
ammonic salt of these acids is obtained which can be separated by 
filtration frt>m the insoluble residue. On the addition of alcohol and 
B&CU to the anmioniacal solution, a white precipitate of baric 
succinate is obtained, whilst benzoic acid gives no precipitate (dis- 
tinction BETWEEN 6zH0 AND §uH02). 

QUESTIONS AND EXERCISES. 

1. How are benzoic and succinic acids prepared ? Q-ive graphic formulsB. 

2. How would you distinguish BzHo from SuHoj in the dry way ? 

3. State how the precipitate produced by BzHo and SuHo2 with FOzGl^ 

assists us in distinguishing between these two acids. 

4. How would you prepare benzol from benzoic acid ? 

5. You have given to you a mixture of plumbic benzoate and succinate. State 

how you would obtain the two acids in the free state. 

6. 1*340 grm. of the argentic salt of an organic acid leaves upon ignition '632 gnu. 

of metallic Ag. What is the molecular weight of the acid ? 



OXALIC ACID, I ^OHo""^*^"*^ ocwi.— Obtained by the 

oxidation of a large number of organic bodies, e.g., sugar, by nitric 
acid ; or woody fibre, by the action of caustic alkahes. Tne fi^e 

acid, < #;qtt^ -f 2Aq, is a violent |)oison. It crystalHses in rhombic 

prisms with two molecules of water of crystallisation, which it loses 
when exposed to dry air, i.e., it effloresces and falls to a powder. With 
bases it forms an important series of salts called oxalates. The acid 

being dibasic, two series of salts {neutral and acid oxalates, -SfwrvxT- 

COTCo 
and f«f)TT ) exist (besides some sujper-acid oxalates.) 

REACTIONS IN THE DRY WAY. 

OxaHc acid when heated by itself, sublimes for the most part 
unchanged ; a portion of it breaks up into CO, C02 and some formic 
acid. Oxalates yield, upon ignition, different products of decom- 
position, according to the nature of the base contained therein. 

Alkaline oxalates leave a carbonate, with sHght blackening, and 
give off carbonic oxide. 

Alkaline earthy oxaXaies leave a carbonate, together with some 
caustic base, if a strong heat be applied, and give x)ff CO and COt. 
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Oxalates containing metallic hoses which do not fbrm oarboaateB, 
or the carbonates of which are decomposed by heat, break np into 
metallic oxides, and give off equal volmnes of CO and COs, or into 
metal, as for instance argentic oxalate, giving off C0|. 

REACTIONS IN THB WET WAT. 

Tier 1 / COAmo 

We employ A solution op ammonic oxalate, < #;oAmo' 

Oxalates a/re either soluble in water, e.g., the alkaline oxalates and 
a few metallic oxalates ; or insoluble in water, but soluble in ocMb. 
CaClaCSOaCao" or CaHoj) precipitates even from very dilute 

^QOao", readily solnble 

in hydrochloric or nitric acid ; almost insoluble in oxalic or acetic 
acid, and in potassic or ammonic hydrate. Heat promotes the pre- 
cipitation from very dilute solutions. This constitutes one of the 
most delicate reactions for oxalic acid. 

BaCla gives from solutions of neutral oxalates a whUe precipitate 

of baric oxalate, < Sq-^^" + -^^» soluble in oxalic add, readily 

soluble in hydrochloric or nitric acid. 

ZTOaAgo produces a white precipitate of ara^atto a Talatai 

I CO A^*^' soluble in dilute nitric acid and in ammonic hydrate. 

Concentrated sulphuric acid decomposes oxalic acid or o xal ate!, 
on the appHcation of a gentle heat (Fig. 90), into CO and COn 




Fio. 90. 



without blackening, by withdrawing fr*om the molecule of ozatjl 
molecule of OHj. The gaseous mixture is passed through a 
bottle containing caustic soda or lime-water, and the carbonic oxide 
gas is collected over water. The gas bums with a hhte flame, 
(Usual method yob. preparing carbonic oxide.) 

Oxalic acid, or oxalates in the presence of free mineral acida, 
as reducing agents. 
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I 

HaOt IB reduced or deoxidized.— Treat a little black oxide of manganese and 
oxalic acid or an oxalate with a few drops of concentrated rolphurio acid. 
Effenrescence ensues. The gas which escapes is carbonic anhydride, thus : — 

BfnO, + { J2|^ + 2SOsHo2 - 2OO2 + SOjMno" + SO2K0, + 20H,. 

A solution of gold, A11CI3, is leduoed to metallic gold, thus : — 

Fotassic permanganate is speedily reduced (decolorized). 

QUESTIONS AND EXERCISES. 

1. How is oxalic acid obtained? Describe shortly its properties. 

2. What changes does oxalic acid undergo, 1st, upon ignition ; 2nd, upon heating 

with SO3H02; 3rd, upon treatment with SOsHos and BCnOs ot 

Gr20«Ko3 ; 4th, in contact with AaClj ? 
8. How would you distinguish calcic oxalate fi:^m calcic carbonate, fluoride, 

borate or phosphate ? 
4. What takes place when potassic, argentic, calcic or zincic oxalate is ignited 

by itself? 
6. How would you prepare pure carbonic oxide gas firom sodic oxalate ? 

6. Why is oxalic acid decomposed by concentrated sulphuric acid almost 

without any blackening ? 

7. Calculate how much SniOs is contained in a sample of black manganic 

oxide, 2*2 grms. of which, when treated with < «oXo ^"^^ SOsHos» 

yielded 1-662 grm. of OOj. 

8. The calcic salts in one litre of water are precipitated with ammonic oxalate. 

The precipitate yields upon ignition 1*695 grm. of GOCao'^ How much 
OaO does the water oontaLn, Ist, per gallon, 2nd, per 100,000 parte P 



{COHo 
CHHo' «^^^^y TRot— Dibasic acid.— 
COHo 
Found in grapes, tamarinds, pine-apples and several other frnits in 
the form of h jdric potassic tartrate. The acid met with in commerce 
is prepared from the tartar or argol^ an impure hydric potassic tar- 
trate, deposited from the grape juice during fermentation. The acid 
forms colourless transparent crystals, ve^ soluble in water, both hot 
and cold, and soluble also in alcohol. The aqueous solution under- 
goes gradual decomposition. 

REACTIONS IN THE DRY WAT. 

TaHaric acid is decomposed by heat giving off a peculiar odovr^ 
resembling that of burnt sugar (caramel), and leaving a residue of 
carbon. Alkaline tartrates when heated in a test-tube, are decom- 
posed with evolution of inflammable gases, leaving a mixture of 
finely-divided charcoal and carbonate (black fl/uai)^ from which the 
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carbonate may be extracted by water. The carbonaoeons residue 
left upon igniting alkaline earthy tartrates contains an insoluble 
carbonate, and effervesces when treated with dilate hydrochloric 
acid. Taj4;rates of the heavy metals also undergo decomposition, 
accompanied by the characteristic odour of burnt sugar, and leave 
much carbon mixed with metallic oxide or metal. 

REACTIONS IN THE WET WAY. 

We employ A solution of tartaric acid, and for some reactions a 
SOLUTION OF A NORMAL SALT (Bochelle salt, or potassic sodic tartrate). 

The alkaline tartrates are soluble in water, the acid salts less so 
than the neutral tartrates. The normal tartrates of the alkaline earthy 
hasesy of the eartlis and heavy nietals, are difficultly soluble in waier^ but 
dissolve readily in dilute tartaric acid. Alkalies fail to precipitate 
double tartrates, readily soluble in water, containing an alkaline 
and metallic base. Hence the presence of tartaric acid serves to 
prevent the precipitation of IPCzOs, CfsOs, ^LlsOs, ZnO, XfiO, CrOO, 
MnO, CuO, PbO, Bi203, Pt02 or CdO; whilst some other 
substance, e.g., POH03, if present, may be precipitated from an 
alkahne solution. 

KCl (or some other potassium salt, especially the acetate) pro- 
duces in a solution of free tartaiic acid a heavy white crystalline 
precipitate of hydric potassic tartrate, THoKo, readily soluble in 
mineral acids and in alkalies and alkaline carbonates, insoluble in 
acetic acid. The precipitation is accelerated by agitation. Alkalies 
dissolve the precipitate, forming a normal tartrate, soluble in water, 
from which acetic acid reprecipitates the hydric potassic tartrate. 
Cano2 added in excess precipitates free tartaric acid as a white 

calcic tartrate. TCao". 

CaCl2 (but not SOoCao") precipitates from a solution of a 

normal tartrate, white calcic tartrate (TCao", + 8 aq.), soluble in 
acids, even tartaric acid, in ammonic salts (AmCl), but not in 
ammonic hydrate. The precipitate is soluble in cold potassic or sodic 
hydrate, which is nearly free from carbonate, but is reprecipitaied on 
boiling as a gelatinous mass, which redissolves an cooling, 

IfOjAgo produces from a solution of a normal tartrate (e.g.^ 
Bochelle salt) in the cold a white curdy precipitate of arceatle 

tartrate, TAgOo. On filterhig and dissolving some of the precipitate 
off the filter with a little dilute ammonic hydrate, and heating the 
solution in a clean test-tube or flask during ten to twenty minutes 
in water, heated to about 6&^ C, the glass becomes coated with a 
fine silver mirror. (Chakacteristic reaction for tartaric acid.) 

AcaPbo" gives a uhite crystalline precipitate of plaotMc tsagtrmtitf 

TPbo", from solutions of tartaric acid or its soluble salts. The 
precipitate is soluble in nitric acid and in ammonic hydrate ; the 
latter giving rise to t)*e formation of plumbic ammonic tartrate, 
which cannot be prt^cipitated by AmHo. 

Tartaric acid and ammonia dissolve SOaPbo". 
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Concentrated SO2H02 decomposes tartaric acid, or a tartrate, on 
heating, with evolntion of SOs, COs, and CO, and separation of 
carbon. 

QUESTIONS AND EXERCISES. 

1. Describe some sources of tartaric acid. 

2. Describe the decomposition which tartaric acid and tartrates undergo upon 

ignition. 

3. What is the comi)Osition of black flux ? 

4. Explain the solvent action of tartaric acid upon certain tartrates in the pre- 

sence of alkalies. 

5. How can tartaric acid be detected in the wet way ? 

6. Give graphic formulas for Rochelle salt, argentic and plumbic tartrates. 



rCHHo(COHo) __ 

CITRIC ACID, J Ca (COHo) -f 2 aq., or briefly CiHo,.— 

LCH, (COHo) 
Trihasic acid. — Obtained from orange or lemon-juice. Fonnd also 
in many other fruits. It forms colourless prismatic crystals, which 
possess a pure and agreeable acid taste. They dissolve in cold and 
hot water, and in alcohol. The aqueous solution undergoes decom- 
position after a time. The citrates are very numerous, the acid 
forming, Hke phosphoric acid, three classes of salts by the replace- 
ment of one, two, or three atoms of hydroxy 1 by a corresponding 
amount of potassoxyl, etc. 

REACTIONS IN THE DRY WAT. 

On heating citric acid, it loses first its water of crystallisation, 
then fuses, and is decomposed with disengagement of pungent and 
irritating acid fumes, leaving a less abundant carbonaceous residue 
than tartaric acid. Alkaline and alkaline earthy citrates leave a 
carbonate upon ignition. 

REACTIONS IN THE WET WAY. 

"We employ A solution of CiHos in water, or a solution op a 

NORMAL ALKALINE CITRATE. 

Potassic salts give no precipitate. 

CftHos gives no precipitate in the cold from a solution of citric 
acid, or of a neutral citrate ; but on heating, a white precipitate of 

calcic dtrate, Ci2Cao"s is obtained. (Distinction between tartaric 
AND citric acid.) When both citric and tartaric acid are present, the 
precipitate produced by CaHoa, or CaCia in the cold is filtered off, 
and the clear filtrate boiled, when a further precipitate indicates 
citric acid. 

CaCla produces no precipitate in the cold from an aqueous solu- 
tion of citric acid or a soluble citrate ; on boiling, however, a white 
precipitate of calcic citrate is obtained, if the solution be neutral, or 
if it contain an excess of lime water or ammonic hydrate. This 
precipitate is insoluble in sodic or potassic hydrate, but soluble both 
in ammonic salts and in acids. 
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Argentic oitrate, dissolved in ammonic hydrate, do60 not fixrm a 
mirror upon heating. Citric acid, like tartaric acid, prevents the 
precipitation of certain oxides of Oronps III and IV, by caiisti6 
alkalies, on account of the formation of soluble double citrates, con- 
taining a metallic and alkali base. 

Concentrated sulphuric acid decomposes citric acid or citraies 
slowly. On cautiously applying heat, CO and COs escape, at first 
without any blackening of the Hquid, but on boiling for some tune, 
SOs is evolved, and carbon separates. 

QUESTIONS AND EXEBOISBS. 

1. Whence is citric acid derived P 

2. Describe the tests which distinguish citric firom tartaric add. 
8. Give graphic formula for citric acid. 

4. How would you detect oxalic, tartaric, and dtrie addt oontaiaad in 

a liquid P 
6. Why does thepresence of dtrio or tartaric add prerent the predpitation of 

AI9O, or resOs by AmHo P 
6. How would you sepaxvte phosphoric add by predpitation with a magn«tid 

salt from a solution containing phosphates of AI^% IV^, and Mn'^ P 
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PEACTICAL EXERCISES. 

In order to enable the analyst to acquire a thorongh mastery 
oyer the reactions for bases and acids, some 25 to 30 simple sul> 
stances sbonld be analyzed by the aid of the subjoined analytical 
tables, and the results recorded in the manner snown in the Ap- 
pendix. The nature of these exercises will be snflBiciently indicated 
by the following examples : — 

1. Crystallized magnesic sulphate (Epsom salts). 

2. Sodic sulphite. 

3. Saltpetre. 

4. Common sodic phosphate. 

5. Potassic iodide. 

6. Potassic oxalate. 

7. Citric acid. 

8. Calcic tartrate. 

9. Sodic acetate. 

10. Calcic phosphate. 

11. Dried green yitriol. 

12. Borax. 

Preliminary to the analysis of more complex bodies, a number of 
double salts or mixtures of salts containing one or two bases and 
one, two or more acids should be next examined, such as : — 

Ammonic ferrous sulphate. 

Common ammonium or potassium alum. 

Microcosmic salt. 

Potassic sodic tartrate (Bochelle salt). 

Dipotassic calcic forrocyanide. 

Potassic chlorate and potassic nitrate. 

Sodic chloride and potassic chlorate. 

Potassic oxalate and potassic carbonate. 

Ammonic chloride and sodic nitrate. 

Ammonic magnesic phosphate. 

Potassic bromide and iodide, and sodic chloride. 

Complex bodies should be examined systematically and the 
results carefully noted down in the analyst's laboratory book trnme- 
diatehj they are made, and in the order indicated by the arrangement 
of the Analytical Tables. A careful preliminary examination in the 
dry way yields for the most part results which are decisiye of the 
nature of the substance under examination. A few simple experi- 
ments are frequently sufficient to determine, in the case of simple 
salts, the nature of both base and acid, and in that of a compound 
substance, most bases and acids. Skill in blowpipe analysis is of 
paramount yalue in the analysis of well-defined mineralS| as well as 
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PRAOTIGAL EXEROISES. 



of complex mixtures. The student should, however, invariably 
control the results obtained by an examination of the solid sub- 
stance in the dry way by a most searching analysis in the wet way. 

The exercises should be progressive, and should at first consist 
of artificial mixtures of clearly-defined composition : and lastly, of 
complex bodies, such as minerals, alloys, colours, slags, reias&- 
matter from various manufacturing processes, etc. 

The following mixtures or compound bodies may be taken as 
types of the 20 or 30 substances that should be examined in order 
to enable the student to acquire proficiency in qualitative analysis : — 



1. N204Pbo", 
HgCla, 
AmCl, 
COCao". 

2. CaCU, 
SrCls, 
BaCla. 

d. ^18203, 

AmCl, 
■OaKo. 



4. Ammonium alum, 
Chrome alum, 
Galena. 

5. Chrome iron ore. 

6. Type metal. 

7. Stourbridge fire-clay. 

8. CrCBao", 

Pe.O„ 
CaCla, 

Sulphur. 



9. BaCl,, 
POHoBao", 
/ COKo, 
1 COKo. 

10. Ammonium alum, 
Chrome alum, 
POHoNac, 
PeaO,, 

SiOa. 

11. COBao", 

PaOaBao",, 

SOaBao", 
NaCl. 

12. Ultramarine. 

13. Guano. 

14. Coprolite. 

15. Material which has been used 

for purifying coal-gas. 

16. Alkali waste. 



TABLES 
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QUALITATIVE ANALYSIS 



ov 



SIMPLE AND COMPOUND SUBSTANCES, BOTH IN 

THE DRY AND WET WAY. 
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PRELIMINARY EXAIUNATION 
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PRELmiNARy EXAMINATION 
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PBBLIMINART EXAMINATION 
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810 EXAMINATION OF SUBSTANCES 



Examination of a Substance in thb Wet Wat. 

1st. The suhsta/nce v/ader exarmnaUon is a liquid, — Examine it 
by means of well-prepared test-papers. The liqnid is n&uiral. This 
excludes a large number of substances, since the greater proportion 
of normal salts of the metals possess an acid reaction. (Compare 
chapters XX and XXI, Part I.) The liquid shows an add 
reaction. This may arise from a free acid, or from the presence <rf 
a normal salt having an acid reaction, or, lastly, from an acid salt. 
Or the solution possesses an alkaline reacl^on, owing to the presence 
of a salt of alkaline reaction, of free alkalies or alkaline earths, and 
of cyanides or sulphides of the alkalies or alkaline earthy metals. 

Evaporate a portion of the liquid to drjmess on a watch-glass or 
platinum foil. It leaves no residue, and may consist of pure water 
only; or it leaves a residue ; a larger portion of the liquid should 
then be evaporated to dryness in a porcelain dish and subjected to 
a preliminary examination in the diy way. 

2nd. The mbstatice under examination consists of a solid body, — It 
it occurs in large pieces, or in the form of a coarse powder, it should 
first be reduced by mechanical means to as fine a powder as possible. 
Natural silicates and other compounds which are decomposed with 
difficulty by acids, are finely powdered in an agate mortar and 
then levigaied, i.e., stirred up repeatedly with water; the coarser 
particles of the powdered substance ndl rapidly to the bottom, 
and the water holding the finer particles in suspension can be 
poured off. The coarser particles must then be ground again, and 
made to pass through a fresh process of lerigation, till the whole of 
the substance is obtained in an equally fine state of division. Bj 
allowing the water to stand for some time, the whole of the sua* 
ponded particles fall to the bottom of the vessel, and can be separated 
by decantation and filtration. 

Ascertain whether the solid substance is wholly or partly soluble 
in water. This is done by boiling about a gramme of it in distilled 
water, allowing the undissolved portion to subside before decanting 
the supernatant liquid, and treating the undissolved portion again 
with boiling water as long as anything is dissolved. A drop ofthe 
solution, when evaporated on a watch-glass or on platinnm finl, 
should leave a visible spot. 

The aqueous extract is set aside until the residoe has in like 
manner been treated with acids. It should be tested with litmns* 
paper. 

The residue ijisoluhle in water is next treated with dilute hydro- 
chloric acid, and heated for some time to boiling. The undissolved 
portion is allowed to subside and the clear fluid decanted. This 
operation should be repeated several times, both with dilute mod 
concentrated hydrochloric acid. Boiling with HCl generally die* 
solves out whatever is soluble, and STOaHo has rarely to be resorted 
to. If an insoluble residue be left, treat with small quantities of 
aqua regia. Observe carefully what changes take place when the 
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substance is treated with acids, especiallj whether any and what 
gases are disengaged. 

The residue insoluble in water and adds shonld be carefully 
washed with distilled water, filtered, dried, and then mixed with 
three to four times its weight of dry CONaoa and COKoa (fusion- 
mixture) and fused. The fasion is best performed in a platinum 
crucible, provided the insoluble residue does not contain any metals 
capable of forming alloys with platinum. This can be readily ascer- 
tained by an examination of the residue in the dry way. 

It should be borne in mind that only baric, stbontic, calcic, 

AND PLUMBIC SULPHATES; PLUMBIC AND ARGENTIC CHLORIDIS ; SIO3, 
MANY SILICATES ; NATIVE OR IGNITED AI3O3 AND ALUMINATES ; IGNITED 

CraOsBud Fe30s; chrome iron ore; SnOa (ignited or as TtN- 
stone); ignited SbaOi (a few metaphosphates and arsenate's); 

CaFj, AND A few other native fluorides ; SULPHUR AND CARBON, are 

likelv to be present in the residue. 

AgiFeCye and AgeFeaCy^, AgBr, Agl, and AgCy are decomposed 
into AgCl by boiling with aqua regia. 

Solutions 1 and 2 may be examined separately, or they may be 
mixed and examined together. A separate analysis of the aqueous 
and acid extracts becomes necessary only when it is intended to 
show how the acids and bases are combined in a compound body. 

The examination of a residue requiring fusion with alkaline car- 
bonates is invariably conducted separately. The fused mass 
is boiled with water and filtered ; the powder, insoluble in water, 
containing the base in the form of a carbonate (oxide or metal) is 
dissolved in HCl or STOaHo. The aqueous extract is examined for 
acids, and the acid extract for bases. 

Alloys are dissolved in dilute or concentrated HCl, sometimes 
with the aid of platinum foil, or with the addition of a few crystals 
of potassic chlorate and their solutions examined as usual. 

Cyanogen compounds are best destroyed by fusion in a porcelain 
crucible with 3 or 4 times their weight of a DMxture of 8 parts of 
SOaAmoa and 1 part of STOaAmo. The metals can then be detected 
in the residue in the usual manner. 

Remark. — ^In order to economize time, the solution of a substance should be 
prepared at the same time as the exammation in the dry way is conducted, 
and whilst the separation into groups is effected by means of the seyeral group- 
reagents. The precipitates can then be well washed. Again, the time occupied 
in the evaporation of the filtrate from Ghroup II, and in separating Fe*^ Cr*% 
and Al^^ by means of OOBao'' in G-roup III, may be employed in the examina- 
tion of the precipitate produced by ElCI or SHj, as well as in detecting the 
acids in the dry and wet way. 



812 



GENERAL TABLE FOR THE 



To the greater portion of the original solution add HG!* at 



The PSioiFiTATB may contain^ 
PbClx, white 



^ 



Wfik, 



9» 



(Note 2.) 
Eramine by Table I. 



The FILTRATE (Noto 8) IB largely 



The FBEOiFiTATB may contain— 

BffS, black 

^^ " I Insoluble in NaHo 

OuS, \[ 
OdS, yeUow 



or SAnit* 



SnS, brown ~ 
SnSs, yellow 
SbjSs, orange 

iLSjSt, yellow 
AusSy black 

PtS„ » 



Soluble in NaHo 
or SAms. 



Examine by Table 11. 
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EXAMINATION OF BASES, 



long as a precipitate is produced, and heat gently. (Note 1.) 



diluted with water (Note 4), saturated with 8H2, and gently heated (Note 5 and 6). 



Xraporate the fh/tratb till tree from 8H2, then add a few drops of concentrated XVO3H0, ani 
eyaporate to complete dryness. If oxalates or organic matter (Note 7) be suspected (indicate 
by the blackening of the residue), heat to redness in a porcelain dish, but not otherwis< 
Q^eat the residue with a little concentrated HGl, add water and heat, when it dissolves eithe 
wholly or leaves a white residue of SiOa (Note 8). Test a small portion of the HCl solutioi 
with ammonic molybdate. 

{A.) No precipUaie U obtained^ POH03 la absent. — ^Add AmCl, AmHo, and SAma to thi 
remaining portion of the solution, heat to boiling, and filter quickly ; wash well with ho 
water containing a little 8Am2. 

^.) A precipitate ie ohtainedf POHos Is present. — Add AmCl and AmHo in slight excess to th 
remaining portion of the solution, heat ^nUy and filter quickly; wash well with he 
water. To the filtrate add SAmj to slight excess, heat to boilhig and filter. Was] 
with hot water containing a few drops of oAmj, and examine filtrates under Group rV 
Transfer the two precipitates to a ix>roelain dish, and digest with a little 8 Am^ (Note 9] 
Filter off and wash well. Neglect filtrate (Note 10). 



(A) 

The FBECIFITATB may con- 
tain — 

JklsHoe, yellowish-white, 

gelatinous. 
1 4JrsHo«, bluiah-green. 
FeS, black. 
XnS , white. 
SInS, flesh-coloured. 
iriS, bkok. 
OoS, „ 

Examine by Table in A. 



(B.) 

The PBBOIPITATB 

tain- 



may oon- 



AlsHof, yellowish-white 

gelatinous. 
OraHoe, bluish-green. 
FeS, bhusk. 
ZnS, white. 
SInS, flesh-coloured. 
WIS, black. 
Cos, 
Together with the phosphates 

of (Or) and Al, as well as 

of the alkaline earthy metals. 

mote 11.) 

Examine by TaUe m B. 



To the vii/rBATB from III A 
lUB add AmHo and OOAmo; 
heat gently (Note 12) and filtei 



ThePSEOIFITATB 

may contain — 

OOBao'', white. 

OOSro", 

OOCao", 



ft 



Examine by 
Table IV. 



SoLunoH ma; 
contain-^ 

ONa,. 

Examine by 
Table Y. 
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NOTES TO aENBRAL TABLE. 

1. In case the original substance liad to be dissolyed m li^cbKidilorio acid 
8H2 may be passed at once. 

2. In a saturated solution of a banc salt, HCl rffodoces a white pTecipitate» 
soluble in hot water. From an allcaline solution HCl may precipitate oi^04 

(gelatinous), BHoy, BzHo [and uric acid] cxTstalline, also Mhfii (anK»^ioiia)/ 
Metallic oxides, such as AI2O3 and metallic sulphides, such as JLSsSs, SbjSs, 
SbsSs, SnS, and SnSa, which dissolve in NaHo or SAm^, may likewise be 
precipitated on the addition of HCl, and are best examined separately. 

3. If arsenic has been detected in the preliminary examination, this filtrate, 
which may contain pentad arsenic, should be boiled with a soluti<m of SOHoj) or 
SOHoAmo, then evaporated considerably to expel the 8O3. Ba, Sr, and Pb, 
when present, may be precipitated either partly or wholly, as sulphates. The 
precipitate is best exammed separately. 

4. Certain oxy chlorides, 6.^., 'of Bi, Sb, or Sn, mar be precipitated on the 
first addition of dilute HCl or water, but are readily reoissolved on the additkm 
of more acid, and on gently heating ; or the preoipitete may be disregarded, since 
8H2 readily converts the finely divided oxycmorides into the conresponding 
metallic sulphides. 

6. 8H2 often produces merely a precipitation of sulphur, owinff to the 
presence of oxidizing agents, such as CI, Br, I, (SOHosi XVOHo), XVO2H0, OIHo, 

I OH * 1 OHo' r OHo' ^^^ Or02Ho2i or of ferric salts. This precipitate is 

easily distinguished by its being white and remaining suspended in the solation. 

fPbCl 
It may be neglected altogether. A brick red precipitate of *{ S iometunea 

iPbCl 
comes down from strongly acid (HCl) solutions, if the solution has not been 
sufficiently diluted with water. 

6. 8H2 should be passed once more through the filtrate, to make sure of the 
complete precipitation of all the metals of G-roup II. 

7. Organic acids, e.g., TH02, CiHos, also suear, etc., prevent the precipitation 
of AI2H0Q, etc., in Group III. (Comp. p. 2960 

8. It is possible that this 8102 may be mixed with other substances, «.^., 
AI2OS, Or30s, FOsOa (rendered insoluble by strong ignition), 80sBao^, 
802Sro'', in which case it is necessary to examine it separately. 

9. If the 8 Am2 were added simultaneously with the AmCl and AmHo, phos- 
phates of Fe, Mn, Zn, Ni, and Co would be deoompo^d into sulphides, with 
ronnation of POAmoa, which might produce a precipitate of a phosphate of ihm 
alkaline earthy bases, by acting upon salts of these bases other than phosphates, or 
act as a solvent for other phosphates in the presence of AmHo. (Comp. 
p. 179.) 

10. This filtrate may contain POH03, a proof that a phosphate of the metili 
Fe, Zn, Mn, Ni, or Co was present in the original HCl solution, or, vice vend, 
that all these metals (or one or several of them) may be present. (Comp. 
p. 179.) 

11. Small quantities of borates and fluorides of the alkaline earthy metale 
may likewise be precipitated, together with the alkaline earthy phosphates, bat 
need not be examined further, since their bases wiU be detected in Ghfoap lY, 
atid their acids on examining in the usual way for acids. 

12. The solution must not be boiled, since the AmCl, by double deooai* 
position, dissolves the alkaline earthy carbonates, forming chlorides and 
carbonate, which volatilizes with the aqueous vapour. 
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Table H.— SEPARA.TION OF 



The precipitate maj contain 1£^8, PbS, BlsSs, OnS, €dS, SnS/SnSs, SbsSa. SbsSi, MmAb 

Comp. p. 219.) Wae^ the precipitate until finee firam 



Bbsidtje. — ^Wash well ; boil in a little concentrated XVO3H0 until all action ceases. Dilute 
-with water ; add dilute SO2H0S, as long as a precipitate is produced s allow to cool and add 
an equal bulk of alcohol (methylated) ; mter. 



Bbsidub. — Boil in amnionic acetate : 
SOsPbo'' disBolyes; allow to cool 
and filter. 



Sbsiditb consists 
of HjprS and 
S, or of S only. 

Confirm by re* 
ducing the dried 
Sfl^S in a bulb- 
tube with dry 
CONaoj. 

Metallic mirror 
and globules. 

Presence of Hs. 

(as mercuricum.) 



Solution. — ^Add 
OrOsKos, yel- 
low precipitate of 
OrOaPbo". 

Presence of Pb. 



SoLXTTiOK. — ^Boil off the alcohol, add excess of AmHo ; 
boil and filter. 



Thb fbbcipitate 
consists of 
BiHoj). Dis- 
solve in a few 
drops of dilute 
HCl ; evapo- 
rate nearly to 
dryness and 
add water. 
Milkiness from 
BiOCL 

Presence of BL 



Solution. — ^Acidulate with HCl and 
pass 8H3 ; filter off and wash the 
precipitate with weak SH^ water. 
Soil with dilute 8O9H0S and filter. 



Bbsidub. — Dis- 
solve in XVO^o; 
add sli^t excess 
of An^o, then 

COHo, "^^ 
E^FePye. Brown 
predpitate of 
CusFeCye. 



{ 



Presence of Gn. 



SoLUTiOH. — ^Add 
AmHo and 
pass SHf. YoJ- 

tow precipitate 

ofoSia^ 

Pree«Bce«rc^ 



2^ate 1. — OaS is somewhat soluble in SAmj and Bg^S in SNa^. It is therefore adviMibls to 

If both HuS and B|rS <ura pressnt diMolte in 
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(Aa and Ft must be tested for specially in a separate portion of the filtrate from Gronp I. 



Ha ; bon with NaHo, or S Amj and filter (Note Ij 



SoLTmoK may contain As, Sb, Sn (An and Ft) as sulpho-salts. Acidulate with dilate hydro- 
chloric acid, A83S3, SbaSt, and SnSs are reprecipitated. Filter and wai^ ; digest with 
COHoAmo and filter. 



Bbstditb consists of SbsSs and SnSs Dissolve in boiling 
HCl. Introduce into a Marsh's apparatus in which 
hydrogen is generated by means of pure Zn and HCL 



SbHs comes off. OoUect as 
metallio Sb on porcelain or 
glass and identify the de- 
posited metal by means 
of ClNao or dry HCl gas. 

Freienee of Sb. 



The BssiDrB in the gene- 
rating flask consists of Zn 
and Sn. 

Detach the precipitated Sn 
from the strips of zinc; 
wash and dissolve in a 
little concentrated HCl by 
the aid of platinum-foil. 
Dilute with water, and add 
BffCls. A white precipi- 
tate of B^^sClj or of grey 
metallic Hg is obtained. 

Preienee of Sn. 



SoLrTiov contains AsA* 
Beprecipitate by adding HOL 
Confirm the presence of As 
by reducing with KCy and 
GONaos in a bulb-tube. 

Metallic mirror and garlic 
odour. 

Fretenee of Ai. 



dissolve the precipitate in the absence of GnS with SAms, and in the absence of ISLgS with SNsji. 
SAms, when a Uttle GoS will be found in the solution. 
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Table IH A.— SEPARATION OP THB 



A POHoy 18 absent. — ^Dissolve the precipitate from Group IIIa. in a little dilate HCl, wifth the 

is perceptible. Filter off sulphur if necessary. Neutralize solution with CK>Naoi; add 
' poflsible. Pour off the clear liquid ; throw the precipitate on a filter and wash with hoi — ^~ 



SOLTTTIOK. — ^Remove BaClj by adding a few drops of dilute SOsHoj ; boil, allow to sabdde^ 
and filter off SOsBao''. ifearly neutralize the filtrate with OONao^ and add pwre HmHo, 
till the solution becomes alkaline ; boil and filter. 



The SoLunoK may con- 
tain zino as Z&Naos. 
Add SHs. White 
precipitate of ZnS. 

Fretenee of sn« 



The Pbbcifitatb may contain XnHos, CoHoj and VIHoi. Waah, 
dissolve in a little dilute HCl ; nearly neutralize wikh AmHb s add 

excess of < flQAmo ^ ^^'^'^ ^ »pid eurrent of SHf for 
minutes through the solution and filter. 



The SOLXJTIOK con- 
tains the manganese 
as acetate. 

Add AmOl, AmHo and 

Flesh-coloured pteoipi- 
tate of XnS. 

Pretence of Mn« 



R«8n.TrB.-Di«alyemHCl«.a{gg|,, vmO, 

neutralize with CONaoi ; add a week iofai- 
tion of KCy» ao as just to rediMolve Hm 
precipitate first produeed. Boil fariaUjr §at 
some time, allow to cool (filter off anj alig^ 
nreoipitate), and add a eiroag ecdmon of 
ClNao ; allow to stand for aome time in a 
warm place, as long as a Uack preoipitsfei 
formi, and filter. 






Pbeoip. — VlsHoe. 
Oonfirm by heating 
a small portion of 
it on a Dorax-bead 
before the blowpipe 
flame. 

A yellowish to sheirj- 
red bead. 

Preaence of M* 



The BOfLxmcaK 
taint the cobalt •• 
KfOo^ts. Brapo* 
rate to ihyneea. Mid 
teet a litUe of Ite 
rendne befoe the 
blowpipe flame OM o 
borax bead. 

A Uue bead in boA 
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{OOl 
^ Xo' ^^[^^ ^^ '^ gentle heat, as long as anj oblorons odour 

COBao'' and shake well. Allow to subside in a flask kept corked, to exdtide the air as m«eh m 



PBBOiriTATB. — DissolTe in dilute HOI f remove SaCl^ hj dilute 8O9H0S and filter. Nearly 
neutralize the filtrate with GONaoj, and add pure NaHo (free from alumina) in excess and 
boil for a few minutes. 



Pkbcipitatb. — Fuse with fusion-mixture and VOjKo on pla- 
tinum foiL Dissolve in hot water and filter. 



^BSiDTni. — Dissolve in dilate 
HCl and add K^F^t, 

A precipitate of Prussian 
blue. 

Presence of Fe. 

Test the original HOI solu- 
tion special^rfor Fe"andFe*^ 
by means of Xn^O^Of, 
in a hiehlj dilute solution, 
as well as by means of 
K4FeOye, K«FesP7u, or 
pyAms. 



1 



SOL9KOK, yellow. Oonfirm 

r OH 

by adding juoHo *^^ 

Yellow precipitate of 
OrOjPbo". 

Pretence of Cr« 

Test the original substance 
snecially for GrsOg aaid 
CrOj, by boiling a small 
portion with GGNaoj. The 
nitrate contains the chro- 
mate, and the residue the 
CrsOf. The latter may be 
converted into a soluble 
alkaline chromate by fusion 
with CONaOf and NOsKo. 



SoLunoir. — ^Acidulate with di« 
lute HOI and add AmHo 
in slight excess. 

White gelatinous predpitate. 

Pretence of AL 



320 



Table IH B.— SEPARATION OF THl 



B. POHos is present. — Dissolve the precipitate in dilute HCl, with the addition of a few ciTBtal 

Filter off sulphur, if necessary (Note 1). Nearly neutralize with a dilute solution of OOKao^ 
is produced. Heat gently, and filter hot. 



SoLunoir. — ^Add Fe2Cl« fNote 2), drop by drop, as long as a precipitate forms and till the ooloor 
of the supernatant fluid becomes red. Digest for some time at a gentle heat ; aOow to tulMide 
and filter hot. Wash with hot water. 



SoLunoK. — ^Add AmCl, AmHo and SAm^. A black precipitate is 
. obtained. Filter. 



SoLxmoN. — ^Add GOAmos. 



A white FKEOIPITATE 

which may be — 

OOBao", 

OOSro", 

OOCao". 
Examine by Table IT 
(without, however, 
mixing it with the 
precipitate' obtained 
in Group IV). 



SoLTJTioir may contain 
Mg. Add 
POHoNaos. 

White crystalline pre- 
cipitate. 

Presence of My 

(as phosphate). 



Examine pbboifitatb 
according to Table 
IILLforCo,Ni,Mn, 
Zn, Al and Gr. 

Test a portion of the 
original substance, 
dissolved in water or 
HCl, for Fe'' and 
Fe»^ 



The FRBOIFITATI eOB- 

sists of PfOfFeio^ 
and ferric acetate. 
Nes^eot. 



Note 1. — Test a portion of this hydrochloric acid solution with ammonio mol 
Oa, Mg, were originally present, but only phosphates of Ni, Co, Mn, Zn and Fe, 

Note 2. — If FeiCl« produces no further precipitate with aportumdl the acetic aoi 
need be added to the main portion of the solution. 

Note 8. — Instead of fusing with SiOj and GONaoj, the presence of P^OfAlfO^ 
with NaHo, which dissolves PjOsAlso^ and decomposes the rorrio phoephate, with 
repreoipitated. 
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o^ "{ 0-£^Qi if necessary. Digest at a gentle heat, as long as any chlorous odour is perceptible. 

iOH r OH 

OOXao '"^^ I OOHo (^^P* ^B«agents, Appendix I), as long as a precipitate 



The Precipitate may consist of PaOsFejo^, PjOaAljo^ (Note 3), PjOaCrao^*. Dry on the 
filter. Fuse in a platinum crucible with SiOj and pure fusion mixture, together with a little 
If OoKo. Dissolve in hot water, add GOAmoa ; digest, allow to subside and filter. 



Eesidue may consist of SiHo4, SlsOsFejO'^, SlsOsAljo^ and FesHo^. 
Acidulate with HCl ; evaporate to dryness and ignite gently. Extract 
with a few drops of concentrated HCl and hot water. Filter. 



Solution. — Nearly neutralize with GONao2, and 
add pure NaHo in excess. Heat and filter. 



Eesidue.— FesHos. 
Confirm by dissolv- 
ing in HCl and 
adding CyAms. A 
blood-red colour. 

Presence of Fe 

{as phosphate), 

J 



Solution. — ^Acidulate 
with dilute HCl and 
add AmHo in slight 
excess. 

A white gelatinous pre- 
cipitate. 

Presence of Al 

{as phosphate). 



Bbsidub SiOs. 
Neglect. 



i 



({ 



Solution.— Add 
COHo "^^ 

Yellow precipitate. 
Presence of CrOf, and 

therefore 

Presence of Gr 
(as phosphate), 

A white precipitate of 
FaOaPho'^s indicat- 
ing the presence of 
POHos, may be neg- 
lected. 



I spheric acid. The absence of a yellow precipitate proves that no phosphates of Al, Cr, Ba, Sr, 
imj. Proceed, therefore, to exanune the solution at once by Table III A. 

\'' obvious that no phosphates of the alkaline earthy bases are left, in which case no ferric ^alt 

^^rely met with) may also be ascertained by boiling the precipitated phosphates of Fe and Al^ 
^''C[0(. Filter. Acidulate the filtrate with dilute HCl; add AmHo, when PsOsAljO^ is 



^.,». 
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EXAMINATION FOR ACIDS. 

Before proceeding to the examination for acids, the analyst will 
do well to consider carefully which acids can possibly be combined 
with the bases present. A perasal of the Table of Solubility of 
Salts, given in the Appendix, will materially aid him, and will pro- 
bably save him much labour and time. 

Some acids are detected on examining for bases, viz., AS2O9, 
iSLSzO^, Si02, and IPOHoa, in combination with metals of Group III 
and IV, CrOzHoa, CO2, SH2, SOH02, SSOHo,, CIBo, WOHo, 
the six lastly mentioned acids on dissolving the substance in dilute 
HCl, or on adding HCl in Group I. 

A careful preliminary examination for acids will probably lead 

to the detection of a further number of acids, e.g., of HI, < ^tx » 

^^""^ { OHo' ^^ I OHo' ^^^^^ (W OHo), HGl, (ClHo), HF, 

HCy, H^FeCye, HeFe2Cyi2, CyHo and CyHs, | g^^ and { gg|^. 

The presence of other organic acids is likewise indicated. When more 
than one of these acids is present, the detection is somewhat more 
difficult, and the results obtained by a preliminary examination for 
acids require to be carefully confinned by the examination of the 
solution. Thus a chloride in the presence of a nitrate, when treated 
with concentrated S02no2, evolves chlorine and red fumes of lower 
oxides of nitrogen, in the presence of a cKromate, brownish-red fumes 
of CrOaClz. HgCl2, Hg2Cl2, or SnCli does not evolve HCl when 
treated with SO2H02. Sulphides, when treated with HCl, often 
evolve SH2, with separation of sulphur. SO2 and SH», when 
evolved simultaneously, destroy each other, etc. 

When the preliminary examination gives no distinct indication 
of the presence of any of the acids just mentioned, SOaHoi, BHos, 
y OH03, Si02 will have to be looked for. 

The analyst will have to bear in mind that acids cannot be 
detected in the same systematic order as bases, and that he ought, 
therefore, never to be satisfied till he has confirmed the presence of 
acids by the most characteristic speciul tests. 



PRELIMINASY EXAMINATION FOR AOIDS. 
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Prepabation of Solutions for Acids. 

Great care ought to be bestowed upon the preparation of the 
solutions required for the examination of adds. On boiling a 
portion of the substance under examination with CONao2 nearly all 
the metals, other than alkalies, are precipitated in the form of car- 
bonates, basic carbonates, or oxides. 

(It is necessary to decompose the salts first in order to prevent the precipita- 
tion by the several reagents employed for the detection of acids in the wet way, 
e.g.y of Ba, Sr, Ca, or Pb, on the addition of SOaCao" or SO'^Mgo'' ; of Ag, 
'fig's or Pb, by BaClj or CaCls ; of Fe and others by AmHo, etc., etc.) 

The precipitate produced by CONao2 (which reagent ought to 
be added in the least possible excess) is filtered off, and the filtrate 
tested with a few more drops of CONaoj. If no ftirther precipi- 
tation takes place the solution is heated to boiling, and 

1. Dilute HCl added to a portion of it, as long as CO3 is evolved, 
and till the solution is rendered distinctly acid. 

(Small quantities of SOaNaos and NaCl are almost invariably contained in 
the conmierctal GONaoj ; it is therefore necessary to test a portion of the 
aqueous or Q!C1 solution of the substance, prepared without the interven- 
tion of GON,^^, for SO2H02 by means of BaCl2* A N OjHo solution of the 
original subst&nce is in like manner tested for HCl by addmg If OjAgo.) 

2. Another portion of the alkaline filtrate is rendered acid by 
means of dilute Zr02Ho and boiling. 

3. A third portion is rendered acid by means of dilate < ^fvpr ; 

and lastly — 

4. A fourth portion of the alkaline solution is carefully neu^ 
tralized by first adding dilute WO2H0, drop by drop, and boiling, 
as long as C02 is evolved and till the solution is distinctly acid to 
test-paper : then by adding a few drops of very dilute AjoiHo, till 
the solution gives a neutral reaction with blue and red litmus- 
papers. The strictest attention, should he paid to these directions^ and 
the least possible excess of either acid or alkali should be employed, 
since the precipitation of several acids is prevented by the forma- 
tion of an ammonic salt in anything like large quantities, on 
account of the formation of a soluble double salt, e.gr., ammonio 
calcic tartrate, ammonic calcic citrate, etc., etc. 

If the preliminary examination for bases has shown the presence 
of ammonic salts, it is necessary to decompose them by boiling with 
caustic NaHo, before preparing Solution IV. 

Ebullition or fusion with CONao2 decomposes the phosphates of 
the alkaline earths but very imperfectly, and the phosphoric acid so 
combined is invariably detected by means of MoOsAmos. (Gomp. 
Table III B.) 

If organic acids are present in combination with heavy metals 
(viz., those of Groups I and U), SH2 should be passed through the 
slightly acid (HCl) solution and the precipitate filtered off. The 
solution is freed from SH3 by boiling, then rendered slightly 
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alkaline by means of a few drops of NaHo and tested by means of 
CaCU (ammonic salts should be carefully avoided). 

No further notice need be taken of the following acids : CO3, 

SHs, SO3, WOHo, ClHo, < ^qttqJ since they can be detected with 

certainty by a preliminary examination, and as they would, for the 
most part, be lost on acidulating the solutions. 



Portion Acidulated with HCl. 

S03Ho2. — On the addition of BaCl2 a white precipitate in- 
soluble on boiling. 
SiHo4. — On the addition of AmCl or COAmo3 a gelatinous 
precipitate, requiring no further confirmation, since 
Si02 is left on evaporating the filtrate from Group II 
with WO2H0. 
H4FeCy«. — On the addition of PeaCle a deep blue precipitate. 

SO^Feo" light „ 
HeFeaCyw— „ n „ dark deep „ ,, 

„ „ PCaCl* a brown coloration only. 

If both acids are present, filter off, after adding 
PeaClG, and observe the colour of the filtrate. On the 
addition of S11CI2 or SOH03 to the filtrate a blue 
precipitate is immediately obtained, confirmatory of 
the presence of H6Fe2Cyi2. 
CyHs. — I'e2Cl6 produces a blood-red coloration, which is 
destroyed by BgCU and not by HCl (the red colour 

r C5 

which < ^QTT imparts to a solution of FezCU is 

destroyed by HCl). 
2HF, SiF4. — On the addition of BaCl3 a gelatinous translucent 

precipitate of BaF2,SiF4 is obtained, which is decom- 
posed by strong acids. Confirm by heating the pre- 
cipitate, when volatile SiFi is given off. AmHo 
precipitates gelatinous SiHoi with formation of AmF, 
BaF2 and OH2. 



Portion Acidulated with ZTOsHo. 

HCl. — On the addition of ZTO^Ago a white curdy precipitate, 
soluble in AmHo. For the distinction between hydrO' 
chloric and chloric adds comp. p. 249. 

HBr. — On the addition of ZTOzAgo a yellowish- white pre- 
cipitate, difl&cultly soluble in AmHo. Confirm by 
adding chlorine water to the original solution, and 
shake up with ether. Bromine dissolves to a yellowish- 
red liquid. 

< ^t/. — On the addition of SfOjAgo a white aznorphons pre- 
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dpitate, little soluble in water and dilnte If OsHo, 

easily solable in AmHo. — AgBr and < #| a ^^ iJMiy be 

separated by washing with water. Argentic bromate 
being solable may be detected in the solution by the 
addition of SOHoa, when a precipitate of AgBr is 
obtained. 

For the distinction between HBr omd HCl, comp. page 
253. 
HI. — On the addition of ZTOaAgo a yellow precipitate, 
scarcely solable in AmHo. Confirm by the blue colour 
imparted to starch paste by the iodine liberated by 
WaOsgas. 

I AH '""^ ^^® addition of ZTO^go a white precipitate of 

1 AA ' ^^^^^^® ^ dilate ZTOsHo, soluble in AmHo 

(Agl is insoluble), whence Agl is precipitated on the 

f C!»H 
addition of SOHoa. On adding < ^qo- to a mix- 
ture of an iodide and iodate the former is instantly 
decomposed, iodine being set free, — ^most readily recog- 
nized by the delicate iodide of starch reaction. 

Distinction between HOI and HL — ^HCl in the pre- 
sence of HI cannot be distinguished in the same r^idy 
manner as HCl in the presence of HBr. The two 
acids are precipitated by ZTOaAgo. The precipitate 
is digested with AmHo and filtered, Agl being insoluble 
in AmHo. Dilute ZTOaHo reprecipitates white AgCl 
from the filtrate. 

Distinction between HCl, HBr cmd HL — Precipitate 
the HI as CUala by means of SOsGuo" and SOaFeo'' or 
SOHoa, and filter. Remove the cupric and ferric salts 
by a little pure KHo, evaporate the filtrate to dryness, 
and examine for HGl and HBr by testing one portion 
for HCl with CraOsKoa and SOsHoa, and anotiier for 
HBr by chlorine- water and ether. 
HCy. — On the addition of ZTOaAgo a white curdy precipi- 
tate soluble in AmHo and alkaline cyanides. 

In order to distinguish HCy m the presence of HCl, 
filter off precipitate, wash well and ignite in a porce- 
lain crucible to red heat. Dissolve the metallic Ag 
left by the decomposition of AgCy with a Httle hot 
IfOaHo, and test the dear solution with HCl. A 
curdv white precipitate indicates HCy. Confirm 
also by the reaction with ferroso-ferric salts, KHo and 
HCl in a fresh portion of the solution. 

Distinction between HGl, HBr, HI, cmd HOy. — ^Test 
specially for HCy, before proceeding to the examina- 
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tion of the other acids as described, by treating a 
small qnantitj of the mixed salts in a porcelain dish 
with very dilute SOtliot, and causing the evolved 
HC J to act upon a drop of JHOzA^go, or a little SAm^, 
contained in a second porcelain dish, inverted over the 
one containing the mixed salts. A white precipitate 
of AgCy is obtained ; or the CyAms which is formed 
gives a blood-red colour with ferric salts, affording 
equally conclusive evidence of the presence of HCy. 

CyHs 1 

BfiFeCye > are likewise precipitated on the addition of 

HeFeaCyi, J 

ZTOsAgo, and are insoluble in dilute Zr02Ho. The 
first and second form salts which are insoluble in 
AmHo, whilst Ag6Fe2Cyi8 is readily soluble. These 
acids are, however, best detected in the portion acidu- 
lated with HCl. 

No other cyanogen compound but a cyanide gives 
off HCy when treated with very dilute SO2H02, and 
it is therefore possible, also, to distinguish HCy in 
the presence of CyHs, CyHo, BEiFeCy^, EUFe^Cju. 

Portion Acidulated with< ^qo- • 

HF. — On the addition of CaCla a white gelatinous preci- 
pitate. S02Hoa is likewise precipitated by CaCls in an 
acetic acid solution : it is therefore necessary invari- 
ably to test specially for i±h\ by etching on glass. 

I COHo* — ^^ *^® addition of S02Cao" a white precipitate of 

f CO 

< ^f)Cao" is obtained, which on ignition leaves 

f CH 
COCao", soluble with effervescence in j f^Qo-Q* (Cal- 
cic fluoride is not affected.) 
€StOJ3^02. — On the addition of plumbic acetate a yellow pre- 
cipitate. 
VOH03. — On the addition of FCsCle a yellowish- white gelatinous 
precipitate from a solution of a soluble phosphate, or 
a phosphate decomposable by boiling with CONaoa. 
Arsenic acid, if present, should be first removed by 
means of SH2. 



Portion Eendered Neutral. 

THoj. — On the addition of CaCla a white precipitate, soluble 
in AmCl or cold KHo.— SOaHo,, | ^OHo' ™'' 
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POH03, AsOHos, BH03, SiHo4, COi, SOHo„ are 
likewise precipitated by CaOla from a neutral solu- 
tion, and TH02 can obviously be detected only by 
further special tests in the presence of any of these 
acids. The most characteristic reaction consists in 

warming some TAg02, dissolved in very little dilute 
Am Ho, in a water-bath, until a bright mirror of 
metallic silver is obtaLned. 

CiHo3. — On the addition of CaOl2 no precipitate is obtained, 
till excess of Am Ho, or CaHo2, has been added and 
the solution boiled. 

The detection of tartaric and citric acids — ^indi- 
cated during the preliminary examination by a strong 
odour of burnt sugar — requires great care and strict 
attention to the few points of distinction which exist 
between them. The precipitate produced by CaCls 
in the cold should be filtered off, and the filtrate tested 
for CiHos, by adding a drop of AmHo and boiling, 
when a fresh precipitate of calcic citrate is obtained. 

CiAgOs dissolved in dilute AmHo, forms a less lustrous 
mirror, and only after boiling for a long time. 

BH03. — CaClj produces from a concentrated solution of 
borate a whitish precipitate soluble in AmCl. 
is also indicated in the preliminary examination bj 
the swelling up of some of its saline compounds, and 
the precipitation of a concentrated solution of a borate 
with concentrated SO2H02 or HCl. 

More delicate, however, is the reaction which 
boric acid gives with turmeric paper, and the colour 
which boric fluoride imparts to the flame. (Gomp. 

_ page 272 and 27.3.) 

BzHo. — On the addition of Fe2Cl6 a pale yellow precipitate. 
Confirm by the reactions which a benzoate gives in 
the preliminary examination, since a precipitate of 
Fe2Ho6 is frequently mistaken for ferric benzoate, 
owing to imperfect neutralization. 

SuHoj. — On the addition of FeaCU a reddish brown pre- 
cipitate. 

For the distinction between henzai^i and ntecinie 
acidSf compare page 293. 
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REAGENTS. 

SOLVENTS. 

Distilled Water.* 

Obtained by condensing steam by means of a tin worm. The 
first portions of the condensed water nsually contain carbonic anhy- 
dride and amnionic carbonate, and shonld be rejected. 

Impurities, — When evaporated in a platinum vessel, distilled 
water should not leave a solid residue, either organic or mineral. 
SAm2 ought not to give a precipitate (Cu, Pb, Fe), neither ought basic 
plumbic acetate to cause a turbidity (CO2, COAmo2). No turbidity 
or precipitate should be produced, moreover, on the addition of 

IcO^o ^^™®)' ^^Oh (sulphates), or NOjAgo (chlorides). 

Pure distilled water is colourless, inodorous, and tasteless. 

Water used for Nessler's test should be specially distilled in a 
glass retort with a few pieces of caustic potash, and the distillate 
rejected as long as the Nessler solution indicates any ammonia. 

Alcohol (Methylated Spirit), C2Hfino or EtHo. 

Ordinary methylated spirit (i.e., ethylic alcohol, 90 p.c, mixed 
with 10 p.c. of wood spirit or methylic alcohol) may be employed for 
most purposes. It can be rendered absolute by shaking with well 
dried potassic carbonate and distiUing the clear spirit in a flask or 
retort from a water-bath. 

Iw/purities. — Commercial methylated spirit frequently leaves a 
residue on evaporation, if so, it should be rectified by distillation. 
It should not redden blue litmus paper. 

rc,Hs 

Ether, lO = OEtj. 
ICJH, 

The ordinary ether (methylated, i.e., prepared from methylated 
alcohol) of commerce, is pure enough. 

* The asteriBk marks the more important reagents. 
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ACIDS. 

Sulphuric Acid,* SOsHos. 

Common oil of vitriol may be used in all operations with which 
its nsnal impurities (lead, arsenic, iron, lime, nitric acid) do not 
interfere. Pm*e sulphuric acid, free from arsenic, should be employed 
for generating arsenietted or antimonietted hydrogen, and an acid 
free from lead, whenever this metal has to be precipitated as snlphate. 
Sulphuric acid, free from nitric acid and nitric peroxide, ought to 
be employed in testing for nitric acid by means of ferrous sulphate. 

Impurities. — Pure sulphuric acid should be colourless, and leaye 
no residue on evaporation in a porcelain dish. When a solution of 
ferrous sulphate is poured upon it in a narrow test-tube, it should 
not form a brown ring, where the two liquids come in contact 
(nitric acid and nitric peroxide), nor strike a blue colour when a highly 
diluted solution of the acid is added to a solution of pure potassio 
iodide and starch paste (nitric peroxide). The presence of arsenio 
is best ascertained by passing a current of SH2 through the dilute 
acid, or by generating hydrogen from zinc free from arsenic, and 
passing the gas through an ignited combustion tube (Marsh's test, 
Fig. 83). Plumbic sulphate is frequently found in sulj^uric acid, 
and is precipitated on diluting with water, being less soluble in 
dilute than in concentrated acid. Hydrochloric acid should oanae 
no turbidity (lead) where the two liquids meet. 

The pure acid can readily be bought now, and the student should 
not attempt to purify the crude acid. 

Dilute Sulphuric Acid.* 

Prepared by pouring slowly one part by measure of the concen- 
trated acid (sp. gr. 1*8) into five parts by measure of distilled water, 
with continuous stirring. Thin glass vessels (beakers) or a porce- 
lain dish should be employed, as much heat is evolved. Allow the 
Slumbic sulphate to subside, and decant or syphon off the (deir 
quid. 

Nitric Acid,* Aqua fartls, NOaHo. 

Should be colourless, and leave no residue on evaponition in a 
glass dish. 

Impurities. — Sulphuric and hydrochloric acids. Dilate octt- 
siderably, and test portions with baric nitrate and argentic nitrate. 

Dilute Nitric Acid.* 

Prepared by diluting one part of pure commercial acid (sp. gr. 
1*38 to l'4!o) with three parts of distilled water. 

Crude Nitric Acid.* 
May be employed for all experiments in which the above impn- 



RSAOENTS. 3d5 

rities do not interfere, 6.^., in ilie preparation of WttOt €fr Sf«Oj by 

the action of nitric acid upon copper or arsenions ai^ydride. 

Concentrated Htdbochloeic Acid,* Muriatic Acid, HCl. 

Should be colourless, and leave no residue on evaporation. 

Impurities, — Ferric chloride, sulphurous and sulphuric acids, 
arsenic. The acid should not impart a blue colour to a solution of 
KI and starch paste (CI or FetCle}. On adding a few drops of a 
fiolution containing iodide of starch, the blue colour should not be 
destroyed (SOt). The dilute acid should remain clear on the addi- 
tion of a solution of BaClt (SOtHot). Sulphuretted hydrogen, 
when passed through the dilute acid, should not produce a precipi- 
tate (arsenic), nor should ammonic sulphocyanate redden the diluted 
fksid (iron). 

Dilute Hydrochloric Acid.* 

Pure commercial acid, sp. gr. 1'16, is diluted with, three times 
its bulk of distilled water. 

Crude Htdrochlohic Acid.* 

Should be employed, whenever the impurities which it contains 
do not interfere with the object in view, as for instance in the pre- 
paration of chlorine from BSnOa. 

Aqua Regdi op Nitrohtdrochloric Acid. 

Prepared, when required only, by mixing one part of concentrated 
nitric acid with three to four parts of hydrochloric acid. 

Sulphurous Acid, SOH02. 

Prepared by acting with concentrated SOaHos upon copper, and 
passing the gas into water. The solution should be kept in a well 
stoppered bottle. 

Carbonic Acid Wateb. 

A solution is prepared by acting with HCl upon marble, and 
passing the evolved carbonic anhydride into water. 

Chlorine Water. 

A solution of chlorine in water is prepared as described, p. 46. 
It should be kept in a well stoppered bottle, and in a dark place, 
since, on exposure to light, it is speedily converted into HCl with 
evolution of oxygen. 



Acetic Acid,* < jjqHo' 



Pure commercial acid of sp. gr. 1*04, diluted with one part of 
water may be used. It should leave no residne on evaporation. 
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ImpuriUes, — Sulphnric and hydrochloric acids, lead, copper, iron, 
lime. 

{COHo 
COHo 

A solution is prepared when required only, as the acid undergoes 
decomposition in an aqueons solution. One part by weight of com- 
mercijJ tartaric acid of sufficient purity is dissolved in three parts of 
water (i.e., 1 grm. in 3 c.c. of water). 

hn/purities. — Tartaric acid contains sometimes gypsum and calcic 

tartrate, which are best tested for by igniting a few crystals on 

platinum, extracting the residue, if any, with a few drops of dilute 

HCi, and adding to one portion BaCla, to another AmHo, and 

r COAmo 

\ COAmo. 



Oxalic Acid, |Soh * 



The conmiercial acid is sufficiently pure. It should not leave 
more than a trace of a residue on ignition. 

Impurities. — Iron, potassic and sodic oxalates, lime. Dissolve 

{COTTn 

ten parts by measure of water. 

Hydeofluoric Acid, HK. 

A solution stored up in a gutta-percha bottle is best bought, as 
its preparation involves expensive apparatus. It should leave no 
fixed residue on evaporation to dryness. 

Hydrofluosilicic Acid, 2HF,S1F4. 

A solution of this acid in water is prepared, as described, p. 262. 
It should be made sufficiently strong to precipitate a soluble bario 
salt readily. 

Impuritiss. — Owing to the mode of preparation the acid is often 
contaminated with sulphuric acid. It should not produce a pre- 
cipitate in a solution of a strontic salt (SO3H02). 

Hydrosulphuric Acid, SH3. 

Prepared, when required, as described, p. 41. In well appointed 
laboratories sulphuretted hydrogen is now usually stored in a gas- 
holder over oil, and supplied like coal gas from small taps in closets 
connected with the chimney. The gas, whether obtained from a 
generating flask (Fig. 38), or fi'om a gas-holder, should invanablj 
be passed through a wash-bottle containing water. A satarsted 
solution of SH3 in water answers most purposes of the analyst. It. 
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should be kept in a well-stoppered bettie, since snlphnretted hydrogen 
decomposes rapidly when in contact with air, with formation of 
snlphnric acid and precipitation of white sulphur. 

If the gas be required entirely free from iksHs, it should be 
generated by acting with pure HCl (concentrated) upon native 
grey antimon/y, SbsSs. 

BASES AND METALS. 

P0TA.SSIC Htdeite,* BIHo, oe Sodic Htdeitb, NaHo. 

Usually obtained in commerce in the form of sticks or lumps, 
which may be dissolved in twenty parts of water. 

Impurities. — Silica, alumina, phosphoric, sulphuric, and hydro- 
chloric acids (sulphates and chlorides, often in not inconsider- 
able quantities), and carbonic acid. On dissolving in water, and 
allowing the suspended matter to subside, the clear solution may be 
syphoned off. 

Pure sodic hydrate is indispensable for the separation of alumina 
from the oxides of iron and chromium. 

Ammonic Hydrate,* AmTTo. 

The liquor ammonicB of commerce, sp. gr. '88, is diluted with dis- 
tilled water till the Hquid haa a sp. gr. of *96 = 10 per cent, of 
ITHs. 

Impurities, — ^A solution of ammonia should be colourless; on 
neutralizing with pure HOI it should remain inodorous. When 
evaporated in a glass dish, it should not leave any residue. Am- 
monia contains frequently traces of sulphuric and hydrochloric 
acids, and sometimes not inconsiderable quantities of ammonic car- 
bonate, when it produces a white precipitate on the addition of 
lime water. 

Babig Hydrate,* BaHos. 

Obtained by dissolving in a stoppered bottle one part of crystal- 
Hzed baric hydrate, BaHos + 8aq, in twenty parts of water. Allow 
to subside and syphon off into another well-stoppered bottle. 

Impurities, — The solution commonly called haryta-water should, 
on precipitating with pure SO2H02, give a filtrate which leaves no 
fixed residue on evaporating to dryness in a platinum vessel. 

Oaloic Hydrate,* CaHos. 

Freshly slaked lime in powder is used in qualitative analysis, aa 
well as a solution of lime, so-called lims-water. This is prepared by 
dissolving in cold distilled water some freshly slaked lime, allowing 
to subside in a stoppered bottle, and syphoning off the clear liquid 
into another bottle. Lime-water contains about 1 part of lime dis- 
solved in 600 of water. 
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Ammonic Sulphide,* SAmt. 

Prepared by saturating tbree parts of ammoiiic hydrate with 
SH2 gas, whereby SHAm is formed. On diluting this solntion of 
hydric amnionic sulphide with two parts of ammonic hydrate, a anl- 
phide is obtained which contains a little free ammonia. The con- 
centrated solution may be diluted with ten times its bulk of water. 
It should be kept in well-stoppered bottles. Calcic or magneaic 
salts should not be precipitated ; nor should the solution leave a 
residue on evaporation and ignition. The oxygen of the air decom- 
poses it gradually into nrn3,On2 and yellow SSAms. 

Yellow Ammonic Sulphide, SSAms. 

Used for the solution and conversion of SnS into SnSi. It may 
be prepared by digesting the neutral SAm2 with flowers of sulphur 
and Altering the liquid. 

SoDic Sulphide, SNa«. 

Prepared by saturating one portion of a solution of sodic hydrate 
with SH2, and adding to it the second portion. A little VeS, 
which is generally precipitated, is filtered off. The solution must 
be kept in a well-stoppered bottle. 

SALTS. 

PoTAssic Sulphate, SOtKo2. 

Dissolve one part of the conmiercial salt in twelve parts of 
water. 

PoTASsic Iodide, KI. 

The commercial salt is generally sufficiently pure. Dissolve in 
sixty parts of water. Pure KI should be free from iodate and oax^ 
bonate. It should not colour starch paste blue on the addition of 
dilute SO2H02. 

PoTASsic Nitrite, NOKo. 

Dissolve one part of the commercial salt in two parts of water, 
when required for use. 

PoTAssic Chromate, Cr02Ko3. 

Dissolve the salt of commerce in ten parts of water. 
Imjmi'ities. — Sulphuric acid. The solution ought not to become 
turbid on the addition of dilute HCl and BaCla. 

Dipotassic Dichromate, Cr206Ko3. 

Purify the commercial salt by recrystallisation till it is free from 
O2K02, and dissolve one part in ten of water. 
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PoTASSic Metantimoniatb, SbOsKo + 5aq. 

Prepared by deflagrating in a Hessian crucible one part of 
finely powdered antimony with four parts of saltpetre. Pour the 
fused mass on a stone slab. Powder it, and boil with twelve parts 
of water for two or three hours, and filter, when a clear and neutral 
solution is obtained. KCl and AmCl should not precipitate it. 

PoTASSic Ferrocyanide,* KiVeCjsj and Febrictanide, K4Fe2Cyij. 

These salts can be purchased in a state of sufficient purity. They 
are dissolved, in small quantities at a time, in 12 parts of water. 

PoTASsic SuLPHOCYANATE, CjKs, OT Ammonic Sulphocyanate, CyAms. 

Dissolve in 10 parts of water. 

Impurities^ such as SO2H02, do not interfere with the reactions. 

SoDic Carbonate,* CONao2. 

Procure the 'pure salt, which should be free from sulphate 
and chloride. The solution should not give a precipitate, when 
treated with nTOsHo and BIEoOaAmo2, and should not leave a residue, 
insoluble in water, on acidulating with pure HCl and evaporating to 
dryness (SiOa). 

Dissolve the dry salt in five parts of water. 

Hydric Disodic Phosphate,* POHoNaOf + 12Aq. 

Becrystallize the commercial salt and dissolve one part of pure 
salt in ten parts of water. 

hrvpurities. — Sulphate and Chloride. — Ammonic hydrate should 
not cause any turbidity on warming (alkaline earthy phosphates). 

SoDic Acetate, < V^qXt + 6aq. 

The commercial salt generally contains sodic sulphate. If a pure 
salt cannot be procured, sodic acetate may be prepared by neutraliz- 
ing pure sodic carbonate with pure acetic acid. Dissolve the salt in 
ten parts of water. 

Sodic Acetate and Acetic Acid. 

Dissolve 20 grms. of pure crystallized < ^r\^ ^ 1^^ c-c- of 

r CH 
water, and add 40 c.c. of concentrated < ^rycr • ^^^ solution is 

used for the precipitation of ferric, aluminic and chromic phos- 
phates. 

z 2 
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Hydbig Sodic Sulphite, SOHoNao. 

Dissolve one part of the salt in five parts of water. Hjdiic 
amnionic sulphite may frequently be used with greater adyantage. 

Sodic Hyposulphite, SSONaoa + 5aq. 

Readily procurable in a pure state. Dissolve one part of the salt 
in forty parts of water. 

Sodic Hipochlorite, ClNao. 

Prepared by shaking up one part of bleaching powder, 
with ten parts of water, and adding a saturated solution of conuneiv 
cial sodio carbonate, as long as a precipitate is produced. Allow to 
subside, and syphon off. 

Ammonic Oxalate,* j ^OAm^ "*" ^' 

Purify the commercial salt by recrystallisation and dissolve one 
part in 24 parts of water. 

Impurities. — The salt should leave no fixed residue on ignition. 
SH2 or SAma ought not to produce a turbidity or a precipitate. 

Ammonic Carbonate,* COAmos. 

Prepared by dissolving one part of the commercial sesquicarbo- 
nate, after scraping off £rom the lumps any foreign matter, in fonr 
parts of water and adding one part of strong ammonia solution. If 
a precipitate of FesHo« be thrown down, it is allowed to subside, 
and the clear solution is syphoned off. 

Impurities. — Iron, lead, sulphuric and hydrochloric acids. The 
salt should volatilize completely and give no precipitates with 
BaOlfl or nr02Ago (after acidulating with HCl or ITOsHo respecv 
tively), also no precipitate with SHa or SAma. 

Hydric Ammonic Carbonate, COHoAmo. 

Obtained in colourless rhombic prisms, on passing COi to saper- 
saturation into a concentrated solution of ammonia. The salt ia 
employed for the separation of ^JSaSs from SlhSs and SllS». A 

saturated solution is prepared when required. 

Ammonic Chloride,* AmCl. 

The commercial salt (sal-ammoniac) usually contains iron. 
Purify by adding to the solution a little ammonic hydrate. Allow 
the ferric hydrate to subside and neutralize the alkaline filtrate 
exactly with pore HCl. The salt should leave no fixed residue oa 
ignition. Dissolve in five parts of water. 
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Ammokig Moltbdatk, MoOsAmoa. 

This salt may be pnrchased. It is dissolved in strong ammonia 
and allowed to stand for some time. A slight yellow precipitate 
containing ferric hydrate usually subsides. The clear fluid is poured 
into concentrated nr02Ho, till the molybdic acid which at first pre- 
cipitates is entirely redissolved. The nitric acid solution should 
remain colourless on boiling. A yellow precipitate indicates con- 
tamination with POH03, and the reagent should not be used, till it 
remains clear on digesting. 

Ammonic Sulphate, SOaAmoa. 

Becrystallize the commercial salt from an ammoniacal solution 
in order to separate iron. Keep a saturated solution for use. 

Ammonic Nitrate, NO^Amo. 

The commercial salt is dissolved, when required, to a saturated 
solution. It should leave no residue when ignited on platinum. 

Baric Chloride,* BaOla + 2aq. 

The commercial salt is rarely pure enough, and not unfrequently 
contains lead. It should not give a precipitate with SHa or SAma, 
nor should a residue be left after precipitating the whole of the 
barium by pure SO2H03 and evaporating the filtrate in a platinum 
crucible. Purify, if necessary, by passing a current of SHa, filter- 
ing and recrystallizing. Dissolve in ten parts of water. 

Baric Nitrate, jJo*^®^"- 

Should not be precipitated by ITOaAgo, as it is sometimes 
employed, instead of BaOls, in order to avoid introducing any 
chlorine into a solution. Pure baric acetate answers the same pur- 
pose. For other impurities, test as for BaCla. Dissolve one part 
in 15 parts of water. 

Baric Carbonate,* COBao." 

Prepared by precipitation of pure BaCla with COAmoa and 
AmHo. Wash well t^l fi«e from Am CI ; stir up the precipitated 
COBao" with water to a thick creamy consistency, and keep it for 
use in a stoppered bottle. Shake up before using this reagent. 

Calcic Chloride,* CaCla + 6 aq. 

The commercial salt is dissolved in five parts of water. The 
solution should be neutral to test-papers, and should not be precipi- 
tated by SAma (iron). 
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Calcic Sulphatb, SOjCao". 

A Batnrated solntion is prepared by repeatedly shaking np 
gypsxmi (SOHoaCao" + aq.) with water, alloYrisg to subside, and 
syphoning off the clear Uqnid. 

Magnesic Sulphate. 

Dissolve the commercial salt (SOHoaMgo" + 6 aq.) (re- 
crystallized, if necessary), in ten parts of water. 

Ferrous Sulphate. 

The commercial salt (SOHoaFeo" + 6 aq.), is pure enough. 
Dissolve as required for use in ten parts of water. 

Ferric Chloride,* PCaCle. 

Prepared by dissolving freshly precipitated and well washed 
FesHo« in pure HCl, keeping the ferric hydrate in excess. Allow 
to cool, dilute with an equal bulk of water and filter. 

Plumbic Acetate,*^ < ^q') Pbo". 
Dissolve the commercial salt in ten parts of water. 

Argentic Nitrate,* NO»Ago. 

Prepared either from silver (pure), or from a silver alloy (a silver 
coin), by dissolving in pure nfOaHo, and precipitation as AgCl. 
Filter off the cupric salt, and wash thoroughly with hot water ; 
transfer to a porcelain dish, and introduce clean strips of zinc. 
Collect the finely divided silver on a filter, wash thoroughly with hot 
water, acidulated with a little SOaHos, and dissolve in nfOaHo. 
Evaporate the solution to dryness, and frise the residue gently. 
Dissolve in twenty parts of water. 

Mercurous Nitrate. 

Dissolve the crystals of the commercial salt jwo^Hgao" + 2 aq., 

in 20 parts of cold water, acidulated with 1*2 part of If OaHo. 
Keep some metallic mercury in the filtered solution. 

Mercuric Chloride, BgCla. 

Dissolve the commercial corrosive sublimate in twenty parts of 
water. 

Nesslbr's Solution. 

Dissolve 3*5 grms. of KI in 10 c.c. of water; next dissolye 
1*6 grm. of BgClt in 30 c.c. of water ; add the mercury solution 
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gradually, and with continuons agitation to the solution of potassic 
iodide, until the precipitate ceases to be re- dissolved ; then add 
60 c.c. of potassic hydrate and filter. Keep in a small bottle out of 
contact with ammonia. 

This reagent is of great value for the detection of mere traces of 
ammonia. 

CuPEic Sulphate. 

The commercial salt (SOHojCuo" + 4 aq.) is purified by 
repeated crystallisation. Dissolve the crystals in ten parts of water. 
Impurities. — Iron, zinc. 

CuPBic Chloride, CTuOla. 
Prepared by dissolving cupric oxide in HCl. 

Cuprous Chloride, 'Cu'aClj. 
Obtained by digesting CuCla with metallic copper and HCl. 

Stannous Chloride, SnClf. 

Prepared by boiling pure granulated tin in concentrated HCl, 
with the aid of a piece of platinum foil. Dilute with four 
volumes of water, acidulated with HCl. Keep the filtered solu- 
tion over granulated tin in a small stoppered bottle. 

Auric Chloride, AuCls. 

Prepared by dissolving pure gold in aqua regia, evaporating to 
dryness on a water-bath, and dissolving in water. 

Platinic Chloride, PtCU. 

Dissolve some platinum scraps in aqua regia. Precipitate with 
AmCl. Collect precipitate on a Swedish filter paper ; wash with 
strong alcohol; dry and ignite in a porcelain crucible, gently at 
first, and lastly to intense redness. Redissolve the spongy plati- 
num in aqua regia. Evaporate repeatedly to dryness on a water- 
bath, with addition of HCl. Dissolve in ten parts of water. Pure 
VtCU should dissolve completely in pure alcohol. 

METALS AND OXIDES. 

Zmc, free from arsenic, granulated, and in the form of strips. 

Iron (steel), copper, ti/n, lead, platinv/m (used in the form of wire, 
bars, sheet, turnings) and mercury can be obtained of sufficient 
purity for the purposes of qualitative analysis. 

Metallio Lead free from Silver. 
Prepared by precipitation of plumbic acetate by metallic zinc. 
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Plumbic Dioxide, Pb02. 

Readily prepared by digestmg red lead, Pl^sO^, in boilii^ dilate 
If OaHo. The brown powder is well washed by decantaiioni and 
lastly on the filter. 

Manganic Oxide, IMEnOa. 
Use the powdered commercial black oxide. 

Htdric Peroxide, OaHt, ob Hoj. 

A solntion may be prepared by passing a current of carbonic 
anhydride through water in which baric peroxide, BaOs, is sus- 
pended. The precipitated COBao" is filtered off. 

Beagenta used for Ihisions and for Bloiopvpe Beadions. 

SoDic Carbonate,* CONaog. 
Should be free from sulphate and chloride. 

Fusion Mixture* or White Flux. 

Consisting of dry CONaot and COKoa, mixed in the proportion 
of their combining weights, i.e., 106 -^ 138, or in the proportion of 
10 to 13. 

Pure carbonates free from silica, chlorides, and sulphates, should 
be procured, as their purification cannot be effected without using 
silver and platinum vessels. 

Black Flux, — Prepared by igniting crystals of Bochdle salt 
(potassic sodic tartrate) in a platinum crucible. The residue 
consists of carbon and alkaline carbonates. 

Htdbio Ammonic Sodic Phosphate,* POHoAmoNao -h 8 aq. 

(MicRocosMic Salt). 

• 

The salt should be dried and used in the form of a powder. On 
being heated in a loop of platinum wire it is converted into 
POjNao. 

Potassic Cyanide,* KCy. 

Exceedingly useful for reducing metallic oxides and sulphides, 
either in the crucible or on charcoal. For blowpipe reactions a mixture 
of equal parts of KCy and CONaoj (or fasion mixture), is preferable, 
because it sinks readily into the charcoal and yields metallic globules 
of great purity. The preparation of KCy has been described 
page 273. For the separation of Ni and Co the salt is dissolved, 
when required, in twenty parts of cold water, as its aqueous solution 
is rapidly decomposed. 
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POTASSIC NiTKATE,* NOaKo. 

Used as an oxLdizmg agent. The commercial salt should be 
pnrified by dissolving the crystals in hot water to a saturated solu- 
tion, and allowing to cool in a porcelain dish with continuous 
stirring. The nitrate fjeJls out first as a fine white powder, and the 
impurities, e.g,^ phosphate, sulphate, or chloride are left in the 
mother Hquor. 

PoTAssic Chlorate,* I q^^. 

This salt can readily be obtained pure, t.e., free from chloride. 
Either by itself, or in conjunction with HCl, it serves as a powerfrd 
oxidizing agent. 

Borax,* BiOsNaoa + 10 aq. 

The cryBtals should be gently heated in a platinum crucible till 
the water of crystallisation has been driven on, and the mass kept 
powdered and ready for use in blowpipe reactions. 

Hydric Potassic Sulphate, SO9H0K0. 

Prepared by heating in a platinum crucible 87 parts of SOaKoa 
with 49 parts of pure SOaHoa, till the clear mass fuses steadily. 
Pour out on a porcelain slab, and keep the lumps in a bottle. 

CoBALTOUs Nitrate, Sq'Ooo". 

Used in solution only. Should be free from other metals. 
Dissolve the commercial salt in ten parts of water. 

Vegetable Colouring Matters, — TeaUjpapera, 

Litmus SoluMon (comp. p. 117). 

Turmeric Paper, — Prepared by digesting at a gentle heat one 
part of turmeric root with six parts of alcohol. Filter and soak 
strips of porous paper with the yellow extract. The dried papers 
should exhibit a fine yellow tint. Like litmus-papers they serve for 
the detection of free alkaHes. All test-papers should be kept in 
well- stoppered bottles or wooden boxes. 

Indigo Solution. — Prepared by gradually stirring four to six 
parts oi fuming SO9H01 into one part of finely divided indigo, and 
allowing the mixture to stand for 48 hours, before pouring it into 
20 parts of water. Filter and keep for use in a ds^k place. The 

solution of indigo is used for detecting ITOaHo, ] ^tt , and free 

chlorine, owing to the formation of products of oxidation of yellow 
colour. 
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Metallic oxides, reduction of by 

hydrogen . . , . . . 125 

Metalloids, classification of . . 33 
„ distinction of frt^m 

metals . . . . . . . . 17 

Metalloxyls . . . . . . 65 

Metals, action of hydrochloric 
acid on. . . . . . 50, 71 

Metals, action of nitric acid on 84 

„ „ sulphuric acid 

on • . • • • • • • fo 

Metals, analytical classification 
of . . . . . . . * 136 

Metals, classification of, into 
light and heavy . . . . 33 

Metals, classification of, accord- 
ing to their power of combin- 
ing with oxygen, and decom- 
posing water • . . . . . 124 

Metantimoniates .. .. 202 
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Metantimonitea . . . . . • 
Metaphosphoric acid . . . 
Metasulphantimonites . 
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Metasulphantimonite, Bulphar- 

genti^. . . . • . . • • 201 
Metasulphantimonite, sulphopo- 

tassic .. .* . •• •• 183 
Metasulphantimonite, trisulpho- 

plumbic .. .. •• 183 

Metarsenic acid . . . • • • 101 

Metastaxmic acid . • 84, 198 

Methyl 287 

Methylated spirit . • . . 196 

Metre 857 

Mica 260 

Micaceous iron ore . . • . 164 

Microcosmic salt . • . . 97 

„ ,» as a flux .. 110 

Millerite 161 

Mimetesite ... . . . . 206 

Minium,. .. •• •• 228 

Mispickel . . 100, 164, 205 

Modes of chemical action . . 122 
Moist atmosphere, action of upon 

metals . . . • • • 123 
Moist atmosphere, action of upon 

lower oxides and hydrates . . 123 
Molecular combination or union, 
how expressed in chemical no- 
tation .. .. •• •• 120 

Molecular formul» . . . . 35 

„ „ of oxides of 

chlorine .. .. .. 72 

Molecular fonnulsD of oxides of 

nitrogen .. .. .. 86 

MolecuUr volumes . • • . 36 

„ weight . . . • 86 

Molecule, definition of . . • • 31 

„ of water . . . . 34 

Monad compound radicals . . 65 

„ elements, list of. • 66, 60 

Monads . . . . . • . . 66 

Monatomic elements . . . . 66 

Monovalentic, explanation of 

term • . . • . . . . 6n 

Mother liquor . . . • 48, 114 

Mountain blue, or copper asnre 190 

MiUtiple proportions . . . . 86 

„ „ law of. • • • 87 

Mundic .. .. .. •• 164 

Muriatic acid . . t • • • 
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Natrium .. •• .. •• 9 

Needle iron ore • • • • • • 164 

„ ore 188 

Negative electrode . • • • 26 
„ . elements • • • • 88 
Ncssler's test for traces of am- 
monia . « . . . . « . 140 
Neutralization, explanation of 
term . • . • • • • • 70 

Nickel .. 161 

„ arsenical . . • • • . 151 

„ blowpipe test for . . 151 

„ glance . • • . 161, 205 

,, ochre . . • . 161, 206 

„ separation from cobalt . . 154 

Nickelic oxide . • . . • • 152 

Nickelous cyanide . • • • 152 

„ hydrate .. •• 152 

„ oxide .. .. •• 152 

„ sulphide . . . • 152 

Nitrates 80 

„ decomposition by heat 241 
„ detection of, in tne pre- 
sence of chlorates and chlo- 
rides . . . . . . . • 249 

Nitrates, detection of, in water. . 242 

occurrence in nature . . 78 

78,138 

78 

Nitric acid . . . . 81, 241 

„ action on carbon .. 84 
„ „ hydrochlo- 
ric acid. • . • . . • • 242 
Nitric acid, action on iodine.. 85 
,, „ metallio 
sulphides .. .. •• 84 

Nitric acid, action on metals.. 84 
„ „ organic 

matter . . . . . • • • 86 

Nitric acid, action on phos- 
phorus . . . . . . • • 84 

Nitric acid, action on sulphur • • 84 
„ „ „ zinc . . 89 
Nitric and nitrous acids, distinc- 
tion between . . . . . • 245 

Nitric and nitrous acids, cause of 

colour . . . . • . • • 79 

Nitric acids and nitrous, decom- 
posed by heat . . . . . • 79 

Nitric and nitrous acids, free, de- 
tection of . . . . . . 243 

Nitric and nitrous acids, mole- 
cular formula of • • • • 79 

Nitric and nitrous acids, prepara- 
tion of, on a small scale . . 78 
Nitric anhydride. • . . . . 79 

„ „ composition 

by volume . . . . . . 86 
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Nitric oxide • • • • • • 83 

„ „ action of air on • • 87 
„ „ composition of, by 

volume and by weight . . 86 
Nitric oxide, pure, preparation 

of .. •• •• •• 83 

Nitric peroxide . . • • . • 80 
„ „ composition of, 

by volume and by weight • . 85 

Nitrites 81,244 

„ action of heat upon • • 244 

„ solubility of • • • • 244 

Nitrogen . . . . . . • . 8 

„ etymology of . • • • 8 

function in air • . 17 

preparation of, from air 7 

properties of . . • • 11 

Nitro-hy(frochloric acid. , ... 86 
Nitrous acid . . . . 81, 244 

„ „ action on hydro- 
sulphuric acid. . . . . . 244 

Nitrous acid, oxidizing and reduc- 
ing action of . . • . 82, 244 
Nitrous anhydride . . 82, 244 
„ „ composition of, 
by volume and by weight . . 86 
Nitrous and nitric acids, distinc- 
tion between.. «. .. 246 
Nitrous oxide . . . . • . 84 

„ „ composition of, by 

volume and by weight • . 86 
Nitrous oxide, preparation and 

properties of . . . . • • 90 

Noble metals . • • • • • H 

Non-mctullic elements, list of • . 83 
Non-metals or metalloids, dis- 
tinction of, from metals • • 17 
Notation, chemical • • • • 88 

„ graphic .. .. 68 

„ symbolic •• •• 67 

Normal salts, definition of •• 118 
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Oil of vitriol 67 

Olieist iron ore . • • • • • 164 

Oohtic iron ore 164 

Opal .. .. .. 111,268 

Organic acids, reactions of . . 286 
„ „ salts of, actbn of 

heat upon 287 

Orpiment. . .. •• •• 206 
Orthantimonic acid • • • • 202 
Orthoboric acid . . . . 102, 271 
Orthophosphoric acid . . 96, 264 
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OrthoBulphantimoiiite . . 
-ous, u«« of tho lerminal 
OiaiateB 

„ ' action of haat upon .. 

„ • if- Bulpbiirio acid 

Oialates w reducing sgeiita 

gen ■■ 

OxalateB, detoctiou of in Group 
IIIB ., 

Oxalate!, neutral and acid . . '. 

Oxalic acid 

„ „ action on dipotassio 

Oxalic acid, dibosio . , . . : 

„ „ ooourrence in nature 

Oiatyl 

Oxidation, bj potasaio pennan- 

ganate . ■ 
Oxide, carbonio . . . . 289, : 

„ nitrous . . 

„ and sulpbideB, analogy 
between 
Oxides, de&iition of . . 

„ of chlorine, table of .. 
„ of nitrogen, table of . , 

Oxidea, metallic, action of hydro- 

chloric acid on 
Oxidei, metallic, action of hydro- 

iulphuric acid on 
Oxides, niHnllic, action of Bol- 

Oxidi-t, riuiiir'iK-lnturo of 
Oxideei ■ reduction of by hydro- 
gen — by carbon 
Oxidizing agents, ferric salts as. . 
Oxygen 

„ combust loi; in .. ..7 

„ etymology of ,. 

„ preparation of ■ . 

„ ■ ' ■„ from (lipo- 

tasaie dichromatc - .. 
Oijgen, preparation of, from 

Oijgon, preparation of, from po- 

Ussic chlorate. . 
Oxygen, properties of .. --7; 
„ ■ proportion of, in water 

Oiybromidca ■ 

OiyfluoridoB ■ . . , . . . : 
Oxy-aalts, nomonclaturo of ., 
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Pentad -elements. . 

Pentads 

PentaUiionic acid - . . 
PentaTolentic, explanation 
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Percblormte, potMsio 

Perchromio acid, delioato tMt tta 178 

Peridase 141 

Peridote .. 141 

Periodates 269 

I'ens^iads, etymology of .. .. 68 

Pcmiongannte, potassic .. .< 168 

..' „ powHrM 

oxidiiing agent ,, 169,160 

Pcrmaugnnio acid .. .. 168 

P,.r„ii.lo of liy,lr<«en .. .. 6S 



Phoaphatea, action of heat apon 864 
Phosphites, „ „ „ 887 



Phosphorett«d hydrogen 
Phosphoric acid, common ws, x 

„ „ metamonohydrio, 

or monobasic . . . . . . 

Phosphoric acid, monohydrated. . 
!■ 1, PT^o (tetial^drio 

or tetrabasio) . , . . , . 
Phosphoric add, trihydrio or tri* 



Phoaphorio anhydride . • . . 14^ 96 

Phosphorocalaite ., . .. 190 

Phosphorous acid . . 987 

„ anhydride.. •. 9S 

Phos[^rus 96 

„ action of ptrtaih on 99 

„ combnstian in VKf- 

gen and air .. 14,96 

Phosphorua, detecUoo of b^aa 26S 

II propertiei of . . 96 

Pipette 69 

Platinic ammooio chloride ■ . 218 

„ chloride.. ,, .. 217 

„ disulphida .. .. S18 

„ polassic chloride ,. 218 

Platinous chloride .. ,. 218 

Platiniring 198 

Platinum, di- and tetratomio 217, 218 
spongy 
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sulphide 
„ tartrate . 
Plumbo-calcite . . 
Plumboxyl . . . 

Pneumatic trough 
Pole, negative, positive . . 
Polysulphidcs. ... 

Porcelain dishes . . 
Potashes, crude . . 
Potassic antimonite, tri- 

antimonylic tartrate 

arseniate, tri- . . 

bromate . . 

bromide 

carbonate . . 

chlorate, preparation of 248 

chloride.. .. .. 138 

chromate, normal . . 170 
cobalticyanide . . 154, 283 

„ cyanate, action of heat 

on 274, 283 

Potassic cyanide. . . . . . 274 

dichromate, di- . . 171 

ferrate . . • . . . 165 

ferricyanide . . 166, 281 

ferrocyanide . . 166, 279 

„ action of 

heat upon . . . . . . 279 

Potassic ferrocyanide, carbonic 
oxide prepared from . . . . 281 

Potassic ferrocyanide, decomposi- 
tion of by sulphuric acid . . 281 
Potassic ferrocyanide, manufac- 
ture of . . . . . . . . 219 

ferrous ferrocyanide di- 280 
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Potassic hydrate . . . . 138 

hypophosphite. . . . 99 

iodate . . . . . . 258 

iodide .. .. .. 256 

manganate .. .. 158 

mercuric iodide • . 140 

metantimoniate 139, 204 

metarsenite . . . . 206 

metasulphantimomate, 
sulpho- .. .. .. 183 

Potassic metasulphautimonite, 

sulpho- . . .. .. 183 

Potassic nitrate, decomposed by 
silicic anhydride . . . . 112 

Potassic nitrate, solubility of . . 114 
perchlorate .. .. 249 

periodate . . . . 259 

permanganate . . . . 158 

peroxide ... . . 65 

platinic chbride 138, 218 
silico-fluoride . . 138, 263 

sodic tartrate . . . . 296 

stannate, di- . . 199, 200 

stannite, di- . . . . 199 

sulphantimonite, tri- 
sulpho ... . . . . . . 184 

Potassic sulpharsenite, trisulpho 183 
sulphate . . . . 73 

„ hydric 79, 272 

sulpho-cyanate 167, 274 

„ tartrate, hydric 138,295,296 
Potfissium . . . . . . 138 

blowpipe test for . . 138 
chrome alum 121, 172 

iron alum . . . . 121 

occurrence in nature 138 
reactions of . . . . 138 

sulphyl .. .. 183 

Potassoxyl .. .. .. 65 

Precipitant .. .. .. 43 

Precipitate (white) . . . . 43 

Precipitated sulphur . . . . 183 

Precipitation . . . . . . 132 

Propionic acid . . . • . . 288 

Proustite 183,221 

Prussian blue . . 166, 278, 280 

„ „ decomposition of by 

alkalies . . . . 280 

Prussian blue, soluble . . . . . 281 
Prussiate, red . . . . 276, 281 

„ yellow .. 276,279 

„ action of sulphuric acid 

on 281 

Prussio acid . . . . 152, 273 

Psilomelane ... . . . . 156 

Purification of salts by crystalli- 
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Purple of Cassius . . . . 199 
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Pyrantimonic acid . . . . 202 

Fyrarsenic acid . . . . . . 101 

Pyrargyrite, or dark red silver 

ore 183,221 

Pyrites, arsenical . . 100, 205 

„ capillary . . . . 151 

Pyrolusite .. •• .. 156 

Pyromorphite .. .. 226,264 

Pyrophoric iron . . . . . . 122 

I^rophosphates . . . . . . 266 

Pyrophosphoric acid • • 96, 266 

Pyrrnosiderite •• •* .. 164 



Qualitative analysis, definition of 131 
Quantivalence of elements . . 54 

Quartz 111,268 

Quicklime .. .. •• 146 
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Badicals, compound, definition 

of .. 64 

Badicals, compound, organic . . 286 
Beactions of the acids . . . • 231 
„ or chemical changes. . 18 
„ of the metals, method 
pursued in studying the . . 137 
Reactions in the diy way, ex- 
planation of term . . . . 62 

Beactions in the wet way, ex- 
planation of term . . . . 62 

Beagcnts, general . . . . 132 

„ special . . . . 132 

„ definition of . . 18, 132 

Beactions of the metals of 

Group I . . . . . . 221 

Beactions of the metals of 

Group II . . . . . . 181 

Beactions of the metals of 

Group III 149 

Beactions of the metals of 

Group IV 143 

Beactions of the metals of 

Group V 137 

Bcalgar 205 

Bcciprooal affinities . . . • 24 

Red copper ore, or ruby ore • • 190 

Bed hffimatite . . . . . . 164 

„ lead 123,228 

„ manganese, or mangan kicsol 156 

„ precipitate . . . . . . 7 

prussiat^ of potash. . 276, 281 
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Beducing flame . • . • • . . 106 

„ . agents, ferrous salts as 168 
Beduction of metals by carbon, 

carbonic oxide, hydrogen . • 125 
Beduction of gases to standard 

temperature and pressure . • 86 
Beduction by means of electricity 

(electrolysis) .. .. .. 25 

Beductions ,. .. 20,125 

Beinsch's test . . . . . 207 

Belative combining weights • . 81 

Besolution •• •• •• 128 

Bhodonite .. .. .. 156 

Boasting, effect on solphidet . • 239 

Boche)lesalt 296 

Bock crystal .. .. 111,268 

„ salt 138 

Buby ore, or red copper ore . • 190 



& 



Sal-ammoniao •• .. #• 91 

Salt, common • • . • • • 47 

„ definition of • • • • 118 

Saltpetre 78,138 

„ flour 116 

„ impurities in . . . • 116 

Salts, acid • 79 

„ definition of, instances of. . 119 

„ acid to litmus • • . . 118 

„ alkaline, to litmus. . . . 118 
„ basic, definition of, instances 

of 119 

Salts, colour of 116 

„ double, constitution of, 

instances of . . . . • . 120 

Salts, double, general properties 

01 •• •« •• •• JLlo 

Salts, haloid .. .. •• 77 

„ neutral to litmnB • • • • 118 

„ normal, instances of 118, 119 

„ oxy, nomenclature of . . 77 

„ of organic adds, aotioQ of 

heat upon . . , . . • • 287 

„ percentage solubility of • • 114 

„ purification of by resfystal- 

lisation.* .. •• •• 116 

Salts, solutions of, for analysis • • 184 

„ sulpho- .. .. •• 188 

„ taste of soluble . . • • 116 

Sand . . . • • • • • lU 

Saturated solutions •• •• 114 

„ „ boiling p(»nts 

of various . • . • • • 144 

Schcelc's green .. •• •• S07 

Scorodite 168 

Selerite 146 
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Separation of metals of Gh*oup I 230 
„ „ GhroupII, 

Bubdiyision A . . . . . . 196 

Separation of metals of G^^oup II, 

subdivision B . . . . . . 219 

Separation of metals of Group HI, 

subdivision A . . . . . . 177 

Separation of metals of Group III, 

subdivision B . . . . . . 178 

Separation of metals of Group IV 147 

„ Group V 142 

Serpentine .. .. .. 141 

Sicilian sulphur . . . . . . 38 

SiUca 111,268 

„ action of heat upon . . 268 

„ amorphous . . . . 268 

„ crystalline . . . . . . 268 

„ dissolved by hydrofluoric 

acid . . . . . . . . 260 

Silica, gelatinous, preparation of 111 

Sihcates 111,269 

„ blowpipe test for . . 269 
„ decomposed by fusion 
with alkaline carbonates . . 271 
Silicates, decomposed by hydro- 
fluoric acid . . . . . . 269 

Silicates, detection of alkalies in 270 
„ soluble ; action of acids 

upon. . . . . . 269 

Silicic acid .. .. 112,268 

„ „ dibasic . . . . 112 

„ „ tetrabasic . . . . 112 

„ anhydride .. 111,268 

„ fluoride 261 

„ hydrate .. .. ,. 112 
Silicofluorides, action of heat 

upon 263 

Silicon, a tetratomic element . . Ill 

Silver 221 

„ blowpipe test for . , 222 

„ cupellation of . . , . 222 
„ displaced by copper or 

zinc .. .. .. .. 125 

Silver glance 221 

„ native .. .. .. 221 

„ ore, dark red . . . . 221 

„ residues, reduction of . . 223 

„ separated from non-vola- 

tile metals in the dry way . . 222 

Silver tree (arbor Dianse) . . 224 

Silvering . . . . . . . . 193 

„ glasses.. .. .. 225 

Simple solution • . . . . . 43 

Slaked Ume 146 

Smaltine, or speiss cobalt 153, 205 

Soap, analysis of. . . . . . 291 

„ composition of . . . . 291 

Soaps decomposed by acids . . 291 



FAGS 

Soda, washing . . . • . . 101 

Sodic, arseniate . . ... « • 138 

„ biborate .. ... .. 139 

„ carbonate, preparation 

from carbonic anhydride . . 74 

Sodio chloride . . . . . . 246 

„ „ decomposed by 

boric anhydride . . . . 103 

Sodio chloride, decomposed by 

silicic anhydride .. .. 112 

Sodic chloride, distribution of . . 48 

„ fluoride . . . . . . 260 

„ hydrate . . . . . . 139 

„ hypochlorite . . . . 250 

„ hyposulphite . . 1 68, 236 

„ „ its application 

in metallurgy . . . . . . 238 

Sodic manganato. . .. .. 157 

„ metantimoniate . . 139, 202 

„ metantimonite . . . . 203 

„ metaphosphate .. 98,264 

„ nitrate, or cubic nitre . . 138 

„ phosphate, tri- . . . . 97 

„ „ hydric ammonic 97 

„ „ „ di- .. 97 

„ pyrophosphate . . . . 97 

„ sUicate .. .. .. Ill 

„ stearate . . . . . . 291 

„ sulphate, acid or hydric . . 68 
„ „ decomposed by 

silicic anhydride . . . . 112 

Sodic sulphate, or Glauber's salt 138 

„ sulphite . . . . . . 76 

„ „ acid or hydric . . 76 

Sodium . . . . . . . . 138 

„ action on hydrochloric 

acid gas . . . . . . 55 

„ action on water. . . . 1 

„ amal^m .. .. 92 

„ atomicity or quantiva- 

lence of . . . . . . 56 

Sodium, blowpipe test for . • 139 

Sodium, occurrence in nature . • 138 

Sodium sulphyi . . . . . . 183 

Solution 43 

Solvent 43 

Sombrerite .. .. .. 264 

Spathic, or sparry iron ore . . 163 

Special reagents . . . . . . 132 

Specular iron ore . . . . 164 

Speiss cobalt, or smaltine . . 153 

Spirit lamp . . . . • . 134 

„ metnylated .. .. 196 

„ of hartshorn .. .. 89 

„ of salt .. .. .. 69 

Spongy platinum . . . • 134 

Stannates 199 

Stannic acid 199 
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„ hydrate 
„ oxide . . 

„ sulphide .. .. 199 

„ „ preparation of 40 

Starch, bromide of . . . . 252 

„ iodide of. . . . . . 256 

Steam, composition by volume. . 84 
Stearic acid . . . . 288, 290 

Steatite 141 

Strontianite .. .. .. 145 

Strontic carbonate . . . . 145 

chloride.. .. .. 145 

nitrate .. .. .. 147 

oxalate . . . . . . 146 

sulphate . . . . 145 

„ solubility of . . 233 

Strontium . . . . . . 145 

„ blowpipe test for . , 145 
„ distinguished from 

Barium by hydrofluosilicic acid 263 
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Sugar of lead 
Sulphantimoniates 
Sulphantimonites 
Sulpharsenic acid . • 

Sulpharsenious acid 
Sulpharsenites . . 

Sulphates, action of heat upon. . 233 
„ insoluble, examination of 234 
„ preparation from car- 
bonates . . . . . . 75 

Sulphates reduced to sulphides 233 
„ solubility of . . . . 75 

Sulphhydrides (acid sulphides) . 182 

Sulphides 39, 239 

acid (sulphhydratcs) . . 182 
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„ heat upon . . 
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Sulphides and oxides, analogy 
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action of heat upon . , 235 
„ and hyposulphites, dis- 
tinction between . . . . 287 

Sulpho-acids 182 

„ -anhydrides .. .. 182 

„ -bases 182 

-salts 182 

•sulphuric acid . . . . 286 
Sulphocyanates, action of heat 

upon 284 

Sulphocyanio acid . . . . 284 

Sulphur .. .. .. •• 87 

and copper 
„ hydrogen •• 
„ iron.. .. .. 

„ mercury •• •• 

„ oxygen •• .. 

,1 tin 

distillation of . . 
extraction from iron- 
pyrites 

Sulphur, flowers of 

occurrence of in nature . 

properties of . . 

roll . . . . . . 88 
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